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INTR()J)UCTION 


This  volume  is  written  by  men  who  are  in  love  with 
their  work,  who  ar"  masters  of  their  subjects,  who  are  in 
sympathy  with  teachers  and  children,  and  who  :  *re  to 
serve  them. 

Every  child  begins  life  helpless,  ignorant  at...  selfish. 
AU  czperienoM  which  help  it  out  of  that  state  are  educa- 
tkmal  in  the  rif^t  dixeetkm.  Looking  to  that  dedrable 
end,  one  would  hardly  ohooee  BeMiing,  Wiitlng  and 
Arithmetic  for  tlie  foremoii  i>lMea  in  the  o(miim  of  StiKiy. 
Since  all  knowledge  b^gina  in  woodor,  om  maj  be  pei^ 
mitted  to  wonder  whether  ,  the  dnUneia  of  Mine  children 
in  school  is  not  usually  a  symptcMDa  of  a  oouiae  of  education 
not  wisely  arranged,  rather  than  an  evideooe  of  alaggbh 
or  weak  mental  f  vculties. 

We  are  all  part  of  Nature.  3ur  lives— the  transient 
and  tlie  eternal,  the  huni  in  and  the  divine  in  us— are 
matained  by  natural  -  ooesses  under  natural  laws.  H 
study  ci  Natoi  j  I  lee  at  th&  beginning  of  all  true.«ducation  ; 
•nd  in  the  dementary  danes  Nature  Study  might  well  be 
centoal,  with  Houeehold  Science  and  Manual  Twining  on 
either  Bide  of  it  Theee  fumiah  a  fine  framework  for  the 
building  of  character  through  education.  Itah|eeta,  lee- 
sons  and  exerdsee  are  worthy  of  place  as  Uiey  serve  to 
lead  out  the  powers  of  body,  mind  and  spirit  towaids 
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ability,  intelligence  and  goodwill  in  such  a  way  that  these 
will  seek  and  find  expression  through  co-operation  with 

others  for  the  common  good.  The  methods  of  instruction 
which  guide  children  to  acquire  knowledge  from  the 
study  of  Nature  usually  influence  them  to  pursue  studies 
in  Science,  Literature  and  History.  Meanwhile  they  are 
being  trained  to  think,  to  observe,  to  investigate  and  to 
understand.  The  doing  of  something  definit*.;  with  their 
new  knowledge,  under  educational  supervision,  becomes 
a  means  towards  the  formation  of  good  mental  habits. 
In  this  volume  the  lessons  have  been  arranged  with  the 
difiiculties  graduated  to  suit  the  growing  capacity, 
strength  and  intelligence  of  the  learners.  Progress  may 
be  discerned  by  an  increase  in  the  quickness  of  percep- 
tion, by  an  improvement  of  the  memory  lor  names,  facte 
and  rules,  and  still  more  by  the  habits  of  thoroughness, 
truthfulness  and  self-reliance  which  are  revealed  by  the 
Srork  done. 

Nature  Study  deals  with  facts  and  principles  on 
which  the  systematic  study  of  Agriculture  should  be 
founded.  It  does  for  Agriculture  what  Manual  Train- 
ing does  for  technical  and  industrial  education.  It 
furnishes  a  wide  basis  oi  general  intelligence  and 
ability  from  which  to  speci^ze  towards  particular 
occupations.  The  lessons  on  The  Fhymc$  of  Some 
Oommon  Tools  are  a  fitting  sequel  to  those  on  Naiure 
Study. 

Because  all  school  training  in  observing,  in\  <»sti^ting 
and  recording  should  include  lessons  in  reading,  writing, 
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drawing  and  arithmetic,  the  exercises  prescribed  in  thie> 
volume  become  lessons  in  expression  of  a  highly  valuable 
sort  They  nourish  growth  of  thought,  and  also  clear  and 
correct  expression  of  thought  They  minister  to  the 
children  in  developing  intelligence,  peraonal  ability  and 
love  of  working  with  others  to  attain  some  end  for  the 
good  of  all. 

We  all  are  trustees  of  life  and  its  opportunities  for  the 
children.  The  main  thing  in  the  trust  is  to  have  the  next 
generation  of  trustees  ready  for  their  duty  and  privilege. 
"Of  such  is  the  Kingdom  of  Heaven." 

To  love  to  live  Is  well. 
To  live  to  lore  ia  better. 
And  this  the  best  of  all,— 
To  love  to       to  labor. 


MA0D01fAi:.D  COLUMB, 

QtntBKc. 


Jas.  W.  Robebtson. 
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FIRST  YEAR 


AT7TUHN  LESSONS 

L  QBsatnuawH  asd  sarlt  orowtl  op  plahts 

Matmrial  to  prepared  in  advanve. — A  supply  of  seeds 
for  the  class,  some  of  this  year,  ioo.<e  of  tlM  Tear  pnetd&m ; 
a  few  potato  tubers ;  two  or  three  flower-pots  fill-d  with  soil ; 
a  sufficient  number  of  plates  and  saucers,  and  of  circular 
I^eeea  of  pocow  paper  or  of  flaaaal  lor  «iie  genmatioa 
ezporioieati. 

Wi  are  about  to  begin  to-day  a  eoane  <^ 
lessons  on  plants.  We  will  try  to  find  ont  some- 
thing about  their  lives  by  watching  than  from 
tlay  to  day,  anr]  by  trying  various  experiments 
with  them.  I  am  sure  you  will  learn  to  like  them 
better  as  you  become  better  acquainted  with  their 
ways  of  L'fe,  and  see  that  they — like  ourselves, 
and  every  living  thing— have  their  own  work  to 
do,  their  own  difficulties  to  overcome,  and  their 
own  enemies  to  avoid. 

We  will  find,  too,  in  our  studies  of  plants,  that 
there  is  a  vast  niuafiber  of  kin^  or  tpeeiea  ot 
them,  of  all  fomw  and  sbes,  atmd  so  minute  thi^ 
they  am  Isr  too  sniaQ  to  be  seen  wi^  tibe  ml^ 
eye,  and  some  so  large  (sneli  as  Hie  gnat  tf«QS 
of  the  f <»est)  that  w<)  sel^nn  wpmk  or  think  <d 

• 


10  AOBIOULTUBE  AND  NATURE  StuDT 

them  as  plants.  You  have  noticed,  probably,  thAt 

some  plants  never  bear  flowers,  no  matter  how 
long  they  live,  and  that  these  flowerless  plants  do 
not  bear  seeds.  Since  most  of  our  conspicuous 
and  useful  plants  bear  flowers  and  grow  from 
seeds,  we  will  begin  our  studies  with  the  flowering 
plants — ^plants  which  may  be  grown  from  seed. 

To  begin  with,  I  must  ask  you  to  get  togethei 
the  seeds  of  a  number  of  common  plants — beans, 
com,  wheat,  peas,  clover,  etc,  including  some  tree 
seeds.  Get  some  seeds  which  were  ripened  this 
year,  as  well  as  some  left  ovor  from  last  year. 
They  all  look  dry  and  lifeless,  yet  no  doubt  most 
of  them  are  capable  of  wakening  to  life;  they 
are  merely  dormant,  asleep  as  it  were,  only 
be  roused  into  activity  by  those  influences  from 
outside  of  themselves  which  have  this  power  over 
them.  Last  year's  seeds  look  no  more  like  waking 
into  active  life  and  growth  {germinating)  than 
those  of  this  year,  nor  is  there  any  probability 
that  the  mere  lapse  of  time  will  arouse  them,  nor 
will  warmth  and  sunshine  alone  set  them  free 
from  the  thrall  which  binds  them,  for  some  of 
them  have  passed  tlirough  both  a  spring  and  a 
summer.  When  seeds  are  planted  by  the  farmer 
or  gardener  in  spring,  they  are  also  supplied  with 
soil  and  water. 

Let  us  try  an  experiment  by  which  we  may 
learn  what  agencies  stimulate  the  dormant  seed 
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into  visible  aetion.  Take  several  flower -pot 
sttucois  or  table  plates  and  place  on  each  two 

circular  pieces  of  porous  paper  or  loose  woollen 
cloths,  soaked  in  water.  Scatter  a  number  of  seeds 
of  each  kind  between  the  wet  cloths  or  papers, 
putting  last  year's  seeds  and  those  of  this  year  in 
separate  plates  or  saucers ;  and  cover  the  dishes 
with  others  inverted  over  them.  It  would  be  well 
to  place  the  cloths  or  papers  in  boiling  water  for 
a  few  minutes  before  using  them,  as  a  preventive 
agamst  the  growth  of  moulds.  Set  the  dishes  in 
a  wann  place,  and  take  a  look  at  the  seeds  every 
day  to  see  whether  they  are  sprouting. 

Although  the  potato  is  a  flowering  plant,  it  is 
not  usually  grown  from  seeds,  but  from  the  tubers 
or  "potatoes,"  as  they  are  called.  It  will  be 
interesting  for  you  to  try,  at  this  time,  whether 
the  potato  tuber  of  this  year  can  be  got  to  grow 
this  autuntm ;  so  plant  two  or  three  tubers  in  good 
soil,  in  flower-pots  or  in  a  box,  and  keep  them 
warm  and  moist 

MORClSEa 

1.  What  pwoentage  of  the  different  kinds  of  seeds  and  of 
the  tuben  qntmted  f 

2.  How  did  the  seeds  of  this  yew  c<«ip«re  witii  thow  ol 
last  year  in  germinating  power  ? 

3.  Whidi  of  the  several  kinds  of  seeds  germinated  first, 
seccmd,  tliird,  and  so  f 

4.  What  parts— orgran*  you  may  call  them— may  be  seen  in 
the  little  plants  when  they  first  emerge  horn  tha  seodKMM  t 
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5.  Note  whether  the  young  plants  grow  at  one  end  or  at 
both  ends,  and  what  new  parts  appear  as  they  continue  to 
grow ;  especially  noUoe  the  delicate  litUe  organs — ;flner  tluui 
the  finest  rootlets — which  form  on  the  roots,  and  o'. .serve 
whether  they  are  produced  all  the  way  out  to  the  tip  of  the 
root  or  rootieta.  These  are  the  root-hairs.  What  is  tiirir 
color  T   Are  tbqr  branched  or  simple  ? 

6.  Keep  the  young  plants  supplied  with  water  for  some 
time  longer,  to  find  out  how  long  they  will  grow  without 
scnl,  and  what  new  parts  will  aj^tear. 


n.  THE  QROMS  OF  VEOBTATIOir 

Material. — The  dishes  used  in  the  preceding  lesson,  with 
the  young  plants  therein ;  fresh  green  leaves — snoae  thick 
and  tough,  some  soft  and  tender ;  small  saucers  or  nappies 
for  holding  alcohol ;  test  tubes  and  spirit  lamps  (or,  instead, 
enamelled  cups  and  a  stove). 

We  will  now  examine  the  leaf  to  learn  some- 
thing of  its  structure  and  of  the  materials  which 
make  it  ip.  By  scraping  the  upper  side  of  the 
leaf  carefully  with  a  sharp  knife-blade,  you  will 
be  able  to  raise  a  little  piece  of  the  akin;  then 
scrape  through  to  the  lower  side,  and  find  the 
skin  there.  Decide  whether  the  whole  leaf  is 
covered  above  and  below  by  this  thin  skin, 
whether  the  skin  is  colored,  and  whether  it  will 
allow  light. to  pass  through  it.  By  holding  be- 
tween you  and  the  window  a  leaf  which  has  been 
scraped  through  in  places  to  the  upper  skin,  you 
will  find  whether  the  skin  is  transparent.  Of 
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course  unless  the  light  can  pass  through  the  skin, 
none  of  the  sunlight  which  falls  upon  the  leaf  can 
enter  its  interior. 

Take  out  one  of  the  larger  veins  of  the  leaf, 
scrape  it  clean,  and  note  the  color  of  the  material 
composing  it;  find  whether  it  is  more  or  less 
brittle  than  the  material  around  it,  and  whether 
it  can  be  split  lengthwise.  This  material,  so 
different  from  the  rest  of  the  leaf,  may  be  called 
wood^  fibre. 

Between  the  veins^  occopying  the  space  between 
the  skin  on  the  uppw  ride  and  the  skin  on  the 

lower  side,  there  must  be  some  other  kind  of 
material,  which  gives  the  lee*  most  of  its  thick- 
ness. Examine  this  material  by  rubbing  and 
squeezing  the  leaf  between  your  fingers.  This 
juicy  part  of  thd  leaf  may  be  called  the  pulp. 

Boil  a  fresh  green  leaf  in  water,  and  note  the 
change,  if  any,  in  the  apparent  color  of  the  water 
and  of  the  leaf.  Place  the  boiled  leaf  and  an 
unboiled  one  in  hot  idcohol  or  methylated  spirits 
(a  mixture  of  ordinary  alcohol  and  methyl  alcohol) 
and  leave  them  there  until  yon  observe  a  decided 
change  in  the  color  of  the  leaves,  and  in  the 
apparent  color  of  the  alcohol.  In  heating  the 
alcohol,  be  careful  not  to  set  it  on  fire.  The  green 
coloring  matter  which  you  have  wholly  or  partiy 
extracted  from  the  leaf  is  called  le<\f'green.  Yon 
will  find  out  its  use  later. 
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nnasBs 

1.  How  doM  the  pulp  evidently  differ  in  ita  propertiw 
•nd  conatitoents  from  the  akin  and  the  veins  t 

2.  In  which  o(  tiMM  three  iMteri«lMkiii,  woody  tiwue 
and  pulp— ie^moet  of  the  jaioe  oontaiiied  t  moH  of  the  h%t- 
green? 

8.  Rnd  what  liquid  the  juice  mostly  consist^  of. 

4.  Press  a  tmatt  bit  of  bine  Ktmus  paper  inu,  e  juice  of  a 
leaf.    DeHcribe  and  explain  the  effect. 

5.  Which  of  the  three  kinds  of  material  found  in  the  blade 
of  the  leaf  is  most  abundant  in  the  foot-stalk  (leaf-stalk)  ? 

6.  Make  a  ooUeotioii  of  leevee  which  have  been  partially 
eaten  by  insects.  Try  to  find  some  in  which  the  pulp  alone 
has  been  eaten  by  a  leaf-mining  caterpillar,  living  and  work- 
faig  between  the  ildn  on  the  upper  side  of  the  blade  and  the 
skin  on  the  lower  sida 

7.  Collect  a- number  of  different  caterpillars,  and  phuie 
each  of  them  in  a  wide-mouthed  bottle  with  a  little  sand  or 
looee  eoil  in  tiie  bottom.  Keq>  them  supplied  with  fredi 
leaves  from  thehr  food-plant,  and  watch  their  behavior  till 
deep  overtakes  them, 

8.  Make  drawings  of  the  leaves  of  some  common  trees. 


m.   ORGANS  OF  VEGETATION  {eontinuedi 

Material. — A  collection  of  cutting?  from  vanovis  stems  and 
roots,  including  enough  pieces  of  sunflower  stalks  and  oom- 
italks  to  supply  the  whole  class. 

We  will  to-day  examine  some  stems  or  branches 
of  stems,  large  and  small,  soft  and  hard,  to  find 
whether  they  are  made  up  of  the  same  or  of 
different  kinds  of  material  from  the  leaf.  At  ^« 
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same  time  we  will  oompare  the  strootiue  of  tlie 
stem  with  that  of  the  root.  Ton  will  need  to  ont 
the  stems  off  crosswise,  and  then  split  the  pieces 

lengthwise  several  times,  testing  in  various  ways 
as  you  proceed,  to  determine  the  several  different 
materials  of  which  the  stems  and  roots  are  com- 

po::;ed. 

You  will  find  whether  stems  and  roots  and  their 
branches  are  ever  protected  merely  by  a  thin  skin 
as  leaves  are,  and  wheUier  they  always  retain  this 
thin  skin;  and  when,  or  in  what  oases,  it  disap- 
pears, and  what  stmotnre  takes  its  i^aee. 

It  will  soon  appear  that  the  parts  of  ^e  stem 
asid  of  the  root  are  arranged  circularly  or  radially 
around  the  central  part,  and  that  for  some  reason, 
the  stem,  whether  large  or  small,  is  easily  split 
lengthwise,  but  cannot  be  split  crosswise.  Try  to 
explain  this  circumstance. 

The  soft  substance  wfc  ^h  you  find  in  the  middle 
of  most  stems  is  easily  torn  apart  in  any  direction ; 
it  is  called  the  pith.  The  comparatively  hard, 
tough,  fibrous  material  which  surrounds  the  pith 
in  many  stems  is  called  wood.  The  softer  material 
outside  of  the  wood  in  those  stems  is  called  the 
hark.  In  this  class  of  stems,  then,  we  have  the 
pith  in  the  centre,  wood  next,  and  bark  on  the 
outside.  Stems  which  grow  in  this  way  are  called 
exogenous  stems.  You  will  be  able  to  find  in  th' 
bark  of  some  stems  long,  tough,  slender  fibres 
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somewhat  like  the  fibres  of  wood;  this  material 
is  called  bast  On  the  outside  of  the  birch  stem  is 
a  tough  layer  of  cork ;  this  corky  layer  is  the  part 
of  the  birch  bark  which  is  peeled  off  to  make 
canoes,  so  you  see  it  must  keep  out  water  well. 
You  will  be  able  to  find  a  thinner  corky  layer  in 
the  haxk  of  many  stems. 

In  examining  the  stem  (or  stalk)  of  Indian  com 
quite  a  different  arrangement  of  the  material 
appears.    Compare  it  with  the  stem  of  a  sun- 
flower.   The\-  both  contain  a  large  amount  of 
pith ;  but  in  the  stem  of  the  sunflower  the  wood 
is  m  a  single  layer  around  the  pith  and  inside 
the  bark,  whioli  may  be  readily  peeled  off.    In  the 
corn-stalk  you  can  see  many  bundles  of  fibres 
running  through  the  pith,  whereas  in  the  su  - 
flower  stalk  these  woody  bundles  are  absent.  Take 
some  of  the  woody  strings  out  of  the  corn-stalk 
with  a  knife  or  needle.    On  the  outside  of  the 
corn-stalk  there  is  no  true  bark  at  alL   The  out- 
side is  hard,  made  up  of  woody  fibres,  dry  and 
packed  closely  together.    This  protecting  woody 
exterior  does  not  peel  off  smoothly  like  bark  does. 
Stems  whose  structui  e  is  like  that  of  Indian  com 
are  called  endogenous  stems. 

XXKRCiaBS 

1.  Arrange  the  stems  you  have  been  using  into  two  lota, 
putting  aii  the  exogenous  stems  with  the  sunfloww^taik  ftad 
the  eiuk^OQa  <me8  with  the  corn-stalk. 
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2.  Mention  some  atetoa  which  show  by  their  coior  that 
the  bark  contains  leaf-green. 

3.  When  you  squeeze  the  stem  of  a  red  clover  between 
your  thumb  and  forefinger  a  stiflf,  hollow  cylinder  inside  the 
stem  yields  to  the  pressure  and  flattens  out,  hat  when  the 
pressure  is  removed  it  springs  back  again.  Scrape  off  the  bark 
of  the  clover-stalk  and  find  what  this  hollow  cylinder  is  made 
of.  What  sort  of  material  do  you  find  inside  this  hollow 
cylinder  1  Point  out  whether  the  dover-stalk  is  exogenoua 
or  endogenous. 

4.  Find  a  stem  which  contains  but  one  ring  or  layer  of 
wood  inside  the  bark,  and  another  in  which  the  wood  is  made 
up  of  several  layers.    Account  for  this  difference. 

0.  Mention  several  plants  whose  stems  never  have  man 
than  one  layer  of  wood  inside  the  bark.    Why  is  this  ? 

6.  Find  a  stem  which  shows,  when  you  make  a  cross- 
section  of  it,  radiating  lines  extending  from  the  jntii  through 
the  woofl.  These  are  called  the  pith  raya.  They  are  not 
i-eally  lines,  but  merely  appear  aa  lines  when  they  are  cut 
aci-oss.  If  you  could  take  one  out,  what  would  you  find  its 
real  form  to  be  ? 

7.  Examine  the  stalks  of  tlits  common  grains,  and  finA 
whether  their  structure  is  like  that  of  the  sunflower^talk  or 
that  of  the  corn-stalk. 

8.  Show  which  have  more  surface  in  proportion  to  the 
bulk  and  weight  of  material  in  them — leaves  or  stMol. 

9.  Argue  that  the  leaves  of  plants  mtist  be  of  some  im- 
portant use  to  the  plant,  and  point  out  some  uses  of  the  root, 
of  the  bMrk  Mid  of  the  wood. 

10.  Gather  in  a  damp  pla^je  some  old  Mien  leaves,  (a>e  or 
more  years  old,  and  find  what  part  of  the  leaf  is  the  fimt  to 
decay,  and  what  part  remains  to  the  last. 

H,  (ff)  Ihke  a  drawing  of  a  cross-section  of  a  stem  of  a 
sunflower,  showing  the  pith,  wood  and  fawk,  aad  &t  ralative 
amount  of  each. 
2 
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(6)  Kake  m  liittilar  dmwii^  of  m  stem  which  oooteiiM 
Severn]  rings  <v  l*yen  of  wood.    Aootrant  for  ths  munber  of 

layers. 

(c)  Draw  a  cros8H8eoti<m  ot  a  corn-stalk,  showing  its 
struoture. 


IV.    THE  ORGANS  OF  REPRODUCTION  IN 
FLOWERIHO  PLANTS 

M€it0nal. — A  set  of  flowers  for  each  studeat,  illustrating 
common  variations  in  floral  stracture.  Needles  stuck  through 
small  corks  for  hamlles  will  he  found  very  us^l  in  examining 

floWOTS. 

You  have  all  observed  that  after  a  seed-plant — a 
plant  which  produces  seed — ^has  grown  {vegetated) 
for  a  time  it  produces  flowers.  I  suppose  you  have 
examined  flowers  before  and  know  the  names  of 
their  parts.  As  a  review,  arrange  before  you  a 
set  of  flowers  showing  as  many  variations  of 
structure  as  possible;  compare  them  with  each 
other,  and  find  examples  of  the  different  parts 
and  structural  features  mentioned  in  the  following 
description:— 

The  lowest  or  outermost  part  of  a  complete 
flower  is  called  the  caiifXf  and  is  made  up  of  a  circle 
or  set  of  «epa29,  which  may  be  quite  separate  from 
each  other  or  may  be  united  at  the  base  into  a 
deep  or  flat  tube,  and  only  show  separatdy  at  the 
tip  where  they  may  be  counted. 
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Insid*  the  calyx  is  the  coroUa,  which  is  a  circle 
of  petalSy  usually  more  delicate  than  sepals,  which 
also  may  be  either  separate  or  more  or  less  co- 
herent into  a  corolla-tuhe. 

Stamens  stand  inside  the  corolla.  A  stamen  is 
usually  made  up  of  a  sleuder  stalk  called  a,  filament 
and  the  anther  borne  on  the  filament;  but  th« 
filament  may  be  very  short  or  absent  altogether, 
the  anther  being  the  essential  part  of  the  stamen. 
Find  how  many  little  cavities — aitter-celis— Itoe 
are  in  the  antilier  of  a  stamen.  Look  for  some 
anthers  which  have  not,  and  some  which  have, 
discharged  the  fine  powder  {pollen)  from  the 
anther-cells.  Note  where  the  anther-oells  open  to 
discharge  pollen. 

In  the  centre  of  the  flower,  set  on  the  middle  of 
the  top  of  the  flowei'-stalk,  you  find  a  part  or  set 
of  parts  different  from  the  stamens.  If  you  open 
this  part  you  should  f  oJ.  in  it  one  or  more  young 
seeds  or  ovules.  This  central  division  of  the  flower 
is  called  the  pktil  and  its  parts  are  eaUed  carpels. 
In  the  buttercup  you  will  see  .Jiany  carpels  quite 
separate  from  each  other  and  so  miall  and  seed- 
like in  form  that  people  are  apt  to  take  them  for 
seeds ;  but  if  you  succeed  in  opening  one  of  them 
without  destroying  the  seed  you  will  find  that  each 
carpel  contains  a  single  buttercup  seed.  So  each 
buttercup  carpel  is  not  a  seed  but  a  seed-like  fruit, 
bearing  within  it  one  seed.   In  s(nne  pislils  thert 
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is  but  one  oarpel ;  in  other  cases  the  pistil  is 
composed  of  sevoi  jil  carpels,  united  together  by 
their  edges.  The  number  of  carpels  can  usually 
be  told  by  the  number  of  parts  the  pistil  is  divided 
into  at  the  top,  or  the  number  of  little  chambers 
or  "cells"  for  seeds  in  the  lowev  part  of  the  pistil 
— the  ovarp. 

You  may  have  heard  that  the  powdery  pollen 
formed  in  the  anthers  of  the  stamens  is  necessary 
to  the  foi-mation  of  seeds  in  the  pistil.    You  can 
feel  the  sticky  surface  at  the  top  of  the  pistil  in 
the  newly-opened  flowers  you  have  before  you, 
and  you  may  succeed  in  seeing  grains  of  pollen 
sticking  to  it.    In  flowers  in  which  the  carpels  of 
the  ])i.stil  are  separate,  or  partly  so,  each  carpel 
has  a  sticky  surface  (stigma)  at  the  top,  to  which 
the  pollen  grains  adhere.    It  is  a  common  mistake 
to  think  that  the  pollen  gi-ain  itself  goes  down 
through  the  pistil  and  causes  the  seeds  to  develop ; 
but  the  fact  is — as  can  be  seen  with  a  microscope — 
that  the  pollen  grain  remains  on  the  stigma,  and 
a  long  slender  tube,  called  the  pollen  tube,  grows 
out  of  the  little  grain  of  pollen  down  through  the 
pistil  to  the  undeveloped  seed  {ovule).   This  tube 
conveys  fertilizing  stuff  from  the  pollen  grain  to 
the  ovule.    When  this  does  not  happen,  no  perfect 
seeds— no  seeds  that  will  germinate  and  produce 
new  plants— are  foi-med  in  the  pistil.    The  pollen 
is  said  to  fertilize  the  ovule. 
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Find  a  flower  whost;  parts  are  in  sets  of  five  or  of  tvnce 


1. 
five. 

2.  Find  a  flower  in  which  the  number  of  carpels  is  the 
same  as  the  number  of  sepals,  and  one  in  which  the  numb^ 
is  diffeient. 

3.  Look  for  other  numerical  diflferenoes  in  the  parts  of  a 

flower. 

4.  Look  for  cases  in  which  like  parts  of  the  flower  are  more 
or  less  united,  either  at  the  base  or  at  the  top.  The  union  of 
like  parts  of  the  flower  is  called  cohesion. 

').  Find  examples  of  the  union  of  unlike  parts,  as  when  the 
calyx-tube  adhei-es  to  the  ovary  or  seed-vessel  of  the  pistil,  or 
when  the  stamens  or  petals  seem  to  be  "  inserted  on  "  or  grow 
out  of  tlie  culyx-tnbe.  The  union  <rf  unlike  parts  of  a  flower 
is  called  adhegion. 

6.  Visit  flowers  in  the  gardens  or  fields,  an  fin  l  some 
%\  hich  are  frequently  visited  by  insects.  Disooyer  if  you  can 
wliat  the  insects  get  from  the  flowers  and  how  they  get  it. 
Seek  out  any  inducements  offered  by  the  flowers  by  which 
tlje  insects  are  attracted  to  them  frojn  a  distance. 

7.  Get  for  yourself  some  of  the  stuff  which  the  insects  are 
taking  from  the  flowers  and  examine  it. 

8.  Make  drawings  of  several  flowers,  and  of  the  several 
parts  of  a  complete  flower. 


V.   ORGANS  OF  REPRODUCTION  (eoniinued) 

J/ateri<U.—A  set  of  flowers  and  fruits,  illustrating  the 
relation  between  the  two. 

If  you  will  compaie  some  fresh  flowers  with 
older  ones  of  the  same  kind,  you  will  find  that 
some  parts  of  the  flower  fade  and  wither,  while 
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the  pistil  not  only  remains  fresh  and  healthy,  but 

actually  keeps  on  growing  till  it  is  much  larger 
than  it  was  before  the  petals  and  stamens  began 
to  wither  and  dry  up.  After  a  while  the  pistil, 
too,  ceases  to  grow.  This  enlarged  ripened  pistil 
is  the  Jruit. 

To  be  exact,  however,  I  must  tell  you  that  the 
pistil.does  not  always  form  the  whole  of  the  fruit. 
The  fruit  is  the  ripened  pistil  alone,  unless  some 
other  part  of  the  flower  has  grown  in  with  the 
pistil,  in  which  case  the  other  part  of  the  flower 
which  adhered  to  the  pistil  and  enlarged  with  it, 
is  included  in  the  fruit. 

The  carpels  of  which  the  pistil  was  composed 
may  still  be  counted  in  the  fruit.  Sometimes  they 
show  on  the  outside  of  the  fruit  and  usually  in 
the  interior  of  it. 

A  great  many  fruits  are  small  and  dry  and 
resemble  seeds  so  much  that  they  are  called  seeds 
by  gardeners  and  faimers.  Each  of  these  little 
fruits  contains  a  seed  enclosed  by  one  cai-pel  or 
more,  but  the  fruit  is  sown  with  t^e  seed  inside. 

In  many  fruits  the  carpels  open  and  discharge 
the  seeds.  The  pod  of  a  pea  is  such  a  fruit. 
When  small  it  was  the  pistil  of  the  flower.  It 
is  composed  of  one  closed  carpel  containing  a 
row  of  seeds.  It  gi-ew  on  the  top  of  the  flower- 
stalk  with  the  other  parts  of  the  flower  around 
it.    Try  to  find  it  in  a  sweet  pea  blossom. 
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I  most  remind  you  here  that  the  parte  of  a 
flower  may  be  regarded  as  forms  of  leaves.  They 
grow  on  a  branch  of  the  stem  (the  flower-stalk) 
as  ordinary  leaves  do.  The  petals  and  sepals  are 
usually  flat  and  thin,  like  leaves ;  indeed,  they 
resemble  leaves  so  much  that  if  they  were  green 
(and  the  sepals  are  commonly  green)  we  would 
call  them  leaves  at  once.  If  the  sepals  and  petals 
are  leaves,  it  seems  probable  that  the  stamens 
and  carpels  might  be,  although  they  bear  less 
resemblance  to  ordinary  leaves  {folie^e-leaves);  but 
a  pea-pod  —  which  is  a  carpel — is  green  like  a 
leaf  when  young,  and  if  opened  out  is  thin  and 
spreading  like  a  leaf.  So  the  stamens  are  poUen- 
bearing  leaves,  and  the  cai*pels  are  seed-hearing 
leaves  which  form  the  pistil  of  the  flower  and 
af terwaras  form  the  whole  or  the  essential  pai*t 
of  the  fniit. 

Stamens  are  closed  leaves,  for  they  enclose  the 
pollen  in  the  anther-cells.  Most  cai-pels  are  closed 
leaves  also,  for  they  enclose  the  seed,  as  in  the 
pea-pod  and  the  apple;  but  if  you  can  procure 
the  cone  of  a  pine  or  a  i^ruce,  or  of  any  tree  oi 
the  pine  family,  you  will  find  that  their  winged 
seeds  are  borne  on  the  open  face  of  the  carpels 
(scales)  of  the  cone,  which  are  not  folded  together 
and  closed  up  to  form  a  seed-vessel,  as  in  pods, 
apples,  and  so  forth.  The  carp3ls  of  these  cone- 
beaiing  trees  are  open  carpels.    Sepals  and  petals 
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-like  the  foliage-leaves  of  trees — are  open  leaves. 
No  doubt  the  difference  in  their  situation  and 
form  means  a  difference  in  their  uses  {/mtctions). 

Bxraasxs 

1.  Why  are  the  flowers,  fruit  and  Heed  oalle<l  organH  of 
reproduction  t 

2.  Find  a  fruit  which  was  formed  from  tlio  pistil  of  the 
flowor  only,  and  another  which  includes  the  whole,  oi  a  pui  t, 
of  hoth  pistil  and  calyx.  If  the  calyx  is  present  as  u  part  of 
the  fruit,  you  will  probably  find  small  lobes  or 'teeth  at  the 
top  of  the  fruit,  which  show  the  number  of  sepals.  In  that 
case,  you  may  consider  that  the  outer  part  of  the  fruit,  down 
to  the  stalk  below,  represents  the  tube  of  the  calyx. 

3.  Find  what  parts  of  the  flower  are  present  in  an  apple, 
a  cherry,  a  bean  pod,  a  grape,  a  pear. 

4.  Mention  some  so-called  seods  which  are  really  fruits. 
Give  proofs. 

5.  Show  whether  the  tuber  oJ  a  potato  is  either  a  seed  or 
a  fruit. 

6.  Make  a  small  collection  of  s<h(U  md  seed-like  fruits 
which  are  dispersed  by  the  wind. 

7.  Make  another  collection  of  seeds  which  are  adapted  for 
being  carried  about  unwittingly  or  unwillingly  by  animals 
for  dispcsal. 

8.  How  does  the  juicy  pulp  of  many  fruits  aid  in  the 
dispersal  of  their  seeds  t 

9.  Knd  a  plant  which  blooms  during  the  first  year  of  its 
life  ;  one  which  does  not  bloom  the  first  year  but  blooms  the 
second  year ;  and  one  which  does  not  produce  flowers  till  it 
is  more  than  two  years  old. 
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Thk  Moobnino-Cloak. 
1.  Eggs  greatly  etilar-cd.  2.  Full-grown  larvae. 

3.  Butterfly  just  out  of  the  chryHalis  skin. 
From  "How  to  Know  tho  Bntterflie8."-CoM8TOCK.  (Reproduced  by  permimtUm.) 
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VI.   INSECTS  AND  THEIR  RELATION  TO  PLANT 

LIFE 

Mat»rial.  -  A  Bet  of  speoiiuons — living,  dead  or  dormant — 
put  up  in  bottles  or  jars,  illuatrating  stages  in  the  life-history 
of  inseeta. 

I  suppose  many  of  you,  especially  the  girls, 
approach  this  lesson  with  an  involuntary  shudder 
and  a  feeling  akin  to  disgust ;  yet  the  majority  of 
insects  are  not  only  beautiful,  but  they  lead  dean 
and  healthy  lives.  Perhaps  of  all  insects,  bees 
uiul  buttci'flies  commend  themselvM  most  to  youi* 
kindly  feehngs — the  former  on  account  of  the 
lioney  they  produce,  and  which  we  enjoy,  and 
the  latter  l>y  their  pretty  colors  and  graceful 
flight.  Out  of  consideration  for  your  prejudices, 
we  will  avoid  in  this  lesson  ^liose  insects  whose 
habits  are  uncleanly  from  our  point  of  view,  and 
Avhose  forms  and  appearance  are  objectionable  to 
most  people.  When  you  come  to  know  more 
about  insects  and  their  ways  I  am  sure  that  this 
uncomfortable  feeling  will  gradually  disappear. 

The  life-history  of  an  insect  is  a  wonderful  story 
and  veiy  surprising  to  one  who  follows  it  tor  the 
ftrst  time.  The  complete  life-history  of  an  insect 
includes  four  stages — the  egg,  the  larva  (plural 
larvae),  the  pupa  (plural  pupae),  and  the  imago 
or  adult  insect.  I  hope  you  may  have  secured 
specimens  of  these  forms  for  this  lesson.  The 
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tggi,  QiDfttty  aboat  m  lurgt  m  pin-heads,  may 
often  be  found  glned  in  close  clusters  to  branches 
or  leaves.  Caterpillars  (larvae),  hairy  or  smooth, 
may  be  found  feeding  on  leaves  or  crawling  on 
the  ground.  They  may  bo  brought  in  small  jars 
or  boxes  to  the  school.  Pupae  may  be  sought 
for  suspended  from  branches,  boards,  or  other 
suppol^*^,  or  enclosed  in  cocoons. 

The  liual  stage  of  an  insect's  life—  isnally 
winged— is  called  the  imago.  If  the  imagos  of 
bees  or  butterflies  cannot  be  obtained  for  ^toB 
honr,  those  of  flies  will  answer  the  purpose.  The 
complete  life-history  of  an  insect  may  be  sum- 
marised as  follows:— 

1.  Tha  »gg.  TW»  stage  is  dormant  and  motionless  and 
remains  lo  until  the  next  ftMm  —  the  larva  —  hatches  out 

of  it. 

2.  The  larva.  The  larvae  of  the  great  groups  of  insects 
differ  much  in  ^qpearanoe,  and  receive  differe  it  names.  Thf 
larvae  of  butterflies  and  moths  are  called  caferpillarti,  and 
may  be  smooth  or  hairy.  The  larvae  of  flies  are.  called 
maggota ;  those  of  beetles  are  grvh$.  Larvae,  no  matter  haw 
worm-like,  Aould  not  be  called  worms,  for  worms  never 
develop  into  a  higher  form  as  larvae  do.  In  the  larval 
stagri  the  insect  is  active,  crawls  about,  eats  voraciously 
leaves,  fruit,  wood,  decaying  matter,  or  other  insects,  accord- 
ing to  its  taste,  and  grows  so  rapidly  that  it  bursts  its  skin 
and  casts  it  off  {mo'tdta),  sometimes  ten  times  before  it  attains 
its  full  size.  When  its  appetite  subsides,  the  larv»  may 
ooDilnKst  around  itself  a  small  bag  or  loose  case  caUed  a 
ooooon.  The  cocoon  is  often  composed  mainly  of  its  own 
hair,  sometimes  of  silk  drawn  from  its  body,  sometimes  ol 
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wrth  or  bita  of  wood  itaok  togMlMr.  Whan  the  ooooon  is 
completed  the  larva  tumi  into  «  pupa.  Some  larvae,  instead 
uf  making  a  cocoon,  suspend  themselves  fiom  a  support  and 
traasionB  into  a  papa,  tii*  outiUa  of        bodiee  beeoaibiy 

hard  and  dry,  to  form  a  protective  case. 

3.  Tlie  pupa.  In  this  third  stage  the  insect  is  usually 
dormant  and  inactive.  Many  insects  pass  the  winter  as 
pupae.    As  we  have  seen,  the  pupa  is  commonly  wioloeod  in 

II  cocoon,  from  which  at  last  the  insect  —my  in  h»  adalt 

form — the  imago — usually  with  wings. 

4.  The  imago.  This  is  the  final  form  o-  the  insect.  It  it 
aetivo  Mid  often       to  if  vitb  gnat  rmfU^,  and  lor  long 

distances.  Most  innects  in  this  stage  eat  or  drink,  but  they 
do  not  grow.  Yuu  may  often  see  them  flying  from  flower  to 
flower  sipping  nectar,  and  lometimea  eolleeting  pollen.  Judg- 
ing from  their  gay  manners  one  would  think  that  ihi»  is  the 
happiest  part  of  the  insect's  life,  but  it  is  the  stage  which 
ends  in  death.  Before  it  dies,  however,  the  insect  deposits 
its  eggs  on  or  near  the  food-pkote  or  foodHnaterial  of  its 
larva.  In  some  insects,  such  as  grasshoppers,  the  distinction 
between  the  larva  and  the  pupa  is  not  olearly  marked,  and 
the  pupa  is  active  and  similar  to  the  adult  in  form. 

Insects  do  an  immense  amount  of  damage  by 
devouring  the  leaves  of  our  cultivated  plants  and 
forest  tree;?.  They  often  live  in  fruits,  and  even  in 
the  stems  of  trees  by  gnawing  passages  through  the 
wood.  Some  spedes  snek  the  juice  ont  of  leaves 
and  tender  stems.  Mosquitoes  and  house-flies 
spread  sickness  tad  death  by  eimyeymg  disease 
germs  and  depositing  them  on  or  in  oar  bodks  or 
oui-  food.  Although  we  have  discovered  various 
methods  of  keeping  destructive  and  noxious  insects 
in  check,  they  still  continue  to  put  us  to  great 
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trouble  and  loss.  Indeed  the  damage  done  through- 
out the  country  may  be  reckoned  in  millions  of 

dollars  every  year. 

Still  we  should  remember  that  insects  do  a  great 
deal  of  good.  They  pollinate  the  flowers  of  our 
fruit  trees  and  vegetables,  thus  insuring  the  pro- 
duction of  seed.  Some  kinds  act  as  scavengers, 
devouring  foul  and  decaying  matter;  others  — 
the  lady-beetles  for  instance— benefit  us  by  de- 
vouring the  insects  which  feed  upon  our  crops. 
The  "little  busy  bee"  is  our  unconscious  bene- 
factor, since  we  regularly  rob  it  of  its  stores  of 
honey. 

EXERCISES 

1.  Collect  some  caterpillais  and  put  tliein  with  leaves  from 
their  lood-planta,  in  fruit  jars,  wide-mouthed  bottles  or  boxos 
with  the  front  made  of  glaw  and  the  back  of  wire  netting. 
If  you  use  jars,  the  mouths  may  be  covered  with  thin  cotton 
cloth  fastened  on  with  a  rubber  band  or  a  string.  Put  an 
inch  or  two  of  sand  or  loose  earth  in  the  bottom  of  the  jant 
or  boxes.  Supply  the  caterpillars  with  fresh  lea\  es  until 
they  begin  to  prepare  to  pupate  (turn  into  pupae).  If  you 
get  an  opportunity,  watch  the  process  of  cocoon-making. 

2.  After  the  caterpillars  have  transformed  into  iHipM,aettiie 
jars  or  boxes  away  in  a  cool  place,  to  await  the  coming  of  spring. 

3.  Examine  the  external  structure  of  an  insect  in  the 
imago  state.  Note  the  three  principal  divisions  d  iti  body, 
and  that  these  divisions  are  made  up  of  short  joints  or 
segments.    Count  its  wings,  legs,  feelers  and  eyes. 

4.  Find  an  insect  which  bites  oflF  and  chews  its  food,  and 
another  which  does  not  chew,  but  fueka  the  juioe  of  plants. 
Watch  the  processes  of  chewing  and  sucking. 

5.  Make  a  slnteh  from  life  of  too.  adult  insect  with  wings. 
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VII.   HOW  TREES  AND  SHRUBS  PREPARE  FOR 
WTOTER  AND  SPRING 

.]/o  '^iu'.~A  set  of  branches  from  different  species  of 
trees,  itititiding  soi.ie  fruit  trees. 

How  easily  the  leaves   break  off  from  the 
branches  and  shrubs  at  this  season  of  the  yeui-. 
They  may  be  seen  fluttering  down  to  the  giound 
on  calm  days  when  not  the  slightest  breeze  dis- 
turbs them.    Their  own  weight  is  sufficient  to 
l)reak  them  off.    Carefully  pull  off  some  leaves 
still  clinging  to  the  branch,  and  And  at  what 
l>la<'e  the  foot-stalk  (let.f-stalk)  breaks.   Then  test 
the  foot-stalk  to  see  whether  it  is  as  easily  broken 
anywhere  else.    It  is  evident  that  this  brittle  layer 
across  the  foot-stalk  must  form  in  the  autumn, 
for  if  it  had  been  present  in  summer  the  leaves 
would  all  have  fallen  off  then.    So  most  of  our 
trees  and  slirubs  act  as  if  they  deliberately  planned 
to  get  rid  of  their  leaves  in  the  autumn.  Why 
should  they  t    It  must  be  of  some  advantage  to 
the  trees  to  be  leafless  in  winter.   Whatever  the 
work  of  leaves  may  be,  it  must  be  impossible  fw 
tlu^m  to  continue  it  during  the  cold  seascm. 

Look  for  the  marks  left  by  last  year's  leaves 
when  they  fell.  These  marks  are  caUed  Icqf-scws. 
<  'mupare  them  with  the  leaf -scars  of  this  year. 
What  do  you  find  close  above  the  loaves  or  leaf- 
scars  of  this  year  f    These  little  knobs  are'  the 
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winter  buds;  but  there  are  no  buds  above  last 
year's  leaf -scars  in  most  cases.  Instead,  there  is 
usually  a  branch.  Since  this  year's  leaves  have 
buds  above  them,  it  is  clear  that  last  year's  leaves 
had  buds  above  them  last  autumn.  But  these 
buds  of  last  year  have  siuce  grown  out  into 
branches.  It  seems  then  that  each  side-bud  de- 
velops, not  into  a  leaf  as  some  imagine,  but  into 
a  whole  branch  btiaring  several  leaves.  After  the 
leaves  have  fallen,  the  number  of  leaves  on  a 
branch  which  came  from  one  bud  can  be  found 
by  counting  the  leaf-scars.  It  will  be  interesting 
to  dissect  one  of  the  larger  buds  with  a  needle 
to  see  whether  its  structure  affords  any  proof 
that  the  bud  would  become  a  branch  bearing  a 
number  of  leaves. 

Covering  the  delicate  parts  of  the  bud  within, 
you  often  find  dry  scales  overlapping  each  other, 
whose  use  is  evidently  to  protect  the  undeveloped 
branch.  These  hud-scales  may  be  regarded  as 
another  form  of  leaves,  for  they  grow  on  the 
same  stem  upon  which  the  folii^e-leaves  grew, 
and  are  more  or  less  leaf-like  in  form.  When 
the  bud-scales  fall  off  in  spring,  they  leave  little 
curved  scars  to  mark  their  places.  These  sets  of 
bud-scale  scars  mark  the  place  of  last  year's  buds; 
and  perhaps  the  buds  of  earlier  years  may  be 
located  by  their  means. 

Let  me  next  call  yom-  attention  to  the  (md-buds 
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(termiual  buds)  which  you  find  at  the  top  of  the 
branches  and  branchlets  which  have  grown  from 
side-b'^ds.  By  studying  your  branches  you  will 
soon  find  the  use  of  these  terminal  buds,  and  will 
be  able  to  locate  the  terminal  bud  of  last  year 
and  of  several  preceding  years.  When  you  have 
found  the  position  of  last  yeai's  terminal  bud, 
you  see  at  once  how  much  the  branch  increased 
in  length  Ednce  last  winter;  and  in  many  branches 
yon  can  find  how  r  uch  the  branch  extended  its 
length  during  each  of  several  preceding  years. 
Find  in  which  of  these  years  the  branch  grew 
most  rapidly. 

The  buds  which  we  have  been  discussing  are 
called  leaf-buds.  Each  of  them  develops  into  a 
branch  (or  a  continuation  of  one)  bearing  foliage- 
leaves.  In  addition  to  the  leaf -buds,  trees  prepare 
,t1oiver-huds  which  develop  into  short  branches 
bearing  flowers.  Find  some  of  these  flower-buds. 
How  strange  it  is  that  the  trees  and  shrubs  seem 
to  know  that  winter  is  approaching  with  frost 
and  snow,  and  that  the  genial  spring  is  to  snoeeed 
the  winter! 

As  each  tree  prepares  miniature  bnmdieB  and 
covers  them  with  waterproof  bud-scales,  ready  to 
start  into  activity  and  growth  as  soon  as  the 
spring  sun  arouses  them,  so,  too,  the  tree  stores 
up  food  in  the  branch  near  the  buds  to  nourish 
the  developing  buds  during  their  early  growth. 
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There  is  a  uotion  that  the  scales  which  cover 
buds  keep  them  warm  iu  winter.  It  is  impossible 
that  such  thin  coverings  could  be  very  effective 
in  that  way  durhig  our  severe  winters.  It  seems 
that  the  chief  use  of  the  scales  is  to  keep  the  buds 
from  drying  up  dui-ing  the  dormant  season.  Find 
the  use  of  the  resinous  substances  which  some- 
times stick  bud-scales  tc^ther. 

EXERCISES 

1.  Compare  leaves  that  have  fallen  from  the  trees  with 
some  fresh  leaves  from  other  plants.  What  diflTerences  do 
you  observe? 

2.  Find  whether  stems  which  die  before  winter  comes — 
that  is  annual  stems — have  any  buds ;  and  if  you  find  such 
buds,  compare  them  with  those  of  plants  whose  stems  live 
through  the  winter. 

3.  Try  whether  you  could  tell  the  different  trees  and  shrubs 
apart  by  the  shapes  of  their  leaves,  and,  after  the  leaves  have 
fallen,  by  their  leaf-seurs  and  buds.  Make  a  collection  of 
leaves  and  twigs  from  the  common  trees. 

4.  Make  a  drawing  of  a  short  branch,  showing  the  bods 
and  leaf-scars. 

5.  Look  for  examples  of  other  planto  besides  trees  and 
shrubs,  which  make  {H-qMiratiions  for  spring  by  storing  up 

food  or  in  other  wavs. 

6.  What  relation  can  you  discover  between  the  arrange- 
ment of  the  leaves  uid  that  of  the  buds  and  branches  ? 

7.  Find,  by  cutting  a  branch  off  ia  several  {^aces,  how 
many  rings  or  layers  of  wood  there  ara  in  the  segment  which 
grew  this  year  from  last  year's  terminal  bud ;  how  many  in 
the  part  which  grew  oat  last  year;  and  in  the  part  whieh  has 
been  growing  for  three  seasons.  In  the  last  case,  b1k>w  which 
is  the  oldest  and  which  the  newest  ."ayer. 
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Vm.   OTHER  SEASMTAL  CHAHOES  IN  AVTUUS 

The  trees  and  shrubs-plants  whose  stems  per- 
sist and  continue  to  increase  in  height  and  dia- 
meter year  after  year-make  preparations  every 
autumn,  as  we  have  seen,  in  order  that  they  may 
the  better  ei.(hire  tlie  rigors  of  winter  and  make 
a  (luick  start  in  the  spring;  but  there  are  many 
perennial  plants  whose  stems  die  down  to  the 
ground  eveiy  autumu,  uiid  are  replaced  by  new 
stems  with  new  leaves  in  the  spring.    Such  plants 
as  these  lay  up  a  store  of  food  in  the  undergi-ound 
part,  which,  though  the  soil  may  be  frozen  hard 
about  It,  remains  alive  but  dormant  throughout 
the  wmter.   Some  of  these,,  as  the  dandelion  for 
example,  pack  away  a  supply  of  food  in  their 
roots ;  some,  as  the  onion,  in  a  close  cluster  of 
fleshy  leaves  caUed  a  Mb;  while  the  pototo  and 
others  develop  underground  stems  {root^stoeka) 
which  they  use  as  storage  organs. 

Annual  plants,  such  as  wiieat,  which  only  Uve  oa» 
year,  store  up  their  food  in  their  seed  to  nourish 
the  young  plants  of  the  next  generation.  The 
pai-ent  wheat  plants,  apparently  exhausted  by  the 
effort  to  provide  for  their  offspring,  then  either 
away  and  die  outright  eailj  in  the  autumn.  So 
when  we  eat  onions,  potatoes  or  wheat  bread  we 
are  i-egaling  onweivea  on  the  food  which  the  plants 
stored  up  for  fli«naelves  or  for  their  successors 
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The  great  majority  of  our  birds,  too,  are  gifted 
with  some  kind  of  foresight  which  warns  them, 
often  while  the  days  are  fine  and  warm,  that  a 
season  which  they  have  never  seen  is  approach- 
ing, when  it  would  be  difficult  or  impossible  for 
them  to  keep  warm  and  find  enough  food  to 
sustain  them.  Gradually,  we  know  not  the  day 
or  the  hour,  such  species  depart  for  the  sunny 
south. 

If  you  are  fortunate  enough  to  be  lovers  of 
birds  and  bird  songs  you  will  feel  the  solitude 
and  silence  which  slowly  takes  possession  of  the 
fields,  gi'oves  and  forests  as  the  feathered  tribes 
depart  and  leave  no  mementoes  save  their  empty 
nests.  Our  regret  i«  softened  by  a  certain  hope 
that  the  birds,  having  braved  all  the  dangers  of 
the  joui-ney,  will  return  in  the  spring-time  in  a 
happier  and  more  tuneful  mood. 

Many  will  not  have  very  far  to  travel,  as  they 
only  go  a  few  degrees  to  the  south,  but  others 
keep  on  southward  until  they  reach  Mexico  or 
Central  America,  or,  crossing  the  Caribbean  Sea, 
enter  South  America.  The  bobolinks  are  said 
to  cross  the  equator  and  stay  not  in  their  flight 
until  they  i  ich  southern  Brazil,  thousands  of 
miles  from  tL  cosy  homes  where  they  first  saw 
the  light. 

A  few  of  the  birds  remain  with  us  thrtughout 
the  year.    You  will  see  them  sometimes  in  the 
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winter,  and  yon  may  have  an  opportmiity  to  help 
them  through  by  throwing  them  cnunbs  from 

your  table. 

The  insect  tiibes,  as  well,  have  learned  to 
prepare  for  winter.  You  have  all  noticed  how 
scarce  insects  seem  to  be  in  the  cold  season.  No 
hum  of  bee,  no  buzzing  of  mosquitoes  in  the 
houses,  only  an  occasional  house-fly  to  be  seen 
on  a  warm  day.  This  great  stillness  in  the  insect 
world  does  not  mean  that  the  insects  have  migrated 
like  the  birds  to  a  more  genial  climate.  They  ure 
only  dormant,  and  their  varions  resting-places  in 
which  they  pass  the  winter  are  not  hard  to  find. 
In  late  autumn,  hidden  away  in  crevices,  or  under 
stones,  suspended  from  boards  or  rails,  glued  to 
Ijranches  or  leaves,  hidden  in  moss  or  buried  in 
the  earth,  usually  as  eggs,  but  sometimes  in  the 
caterpillar  or  the  winged  state,  they  await  the 
great  awakening. 

The  various  wild  creatures  of  field,  fewest  and 
stream  have  solved  the  problem  of  winter  exist- 
ence in  different  ways,  but  each  in  accordance 
with  its  own  capabilities  and  habits. 

While  all  these  preparations  are  being  made 
throughout  the  animated  world,  the  sliorteiiisg 
days,  the  falling  temperature,  and  ev^  the  posi- 
tion in  the  heavens  of  the  sun,  moon,  planets 
and  conspicuous  constellations  mark  the  slow  but 
steady  approach  of  winter. 
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1.  Find  some  plants,  cultivated  or  wild,  whuse  stems  die 
down  ill  tlie  autumn,  while  their  roots,  underground  Btems 
and  buds  ruiuain  di)rmaut,  ready  to  start  in  the  spring.  Find 
where  their  food  is  stored. 

2.  Examine  specimens  of  i;ai  <len  plants  which  store  up  food 
in  their  roots  before  they  Ijlossom  in  the  same  or  thetoHowing 
year. 

3.  Observe  as  far  as  you  have  opportunity,  the  order  of 
departuie  of  the  common  migratory  birds. 

4.  Measure  your  shadow  or  that  of  some  fixed  object  once  a 
month  at  the  same  hour  of  the  day  until  the  end  of  the  year. 
How  mucli  does  the  length  of  the  shadow  change  in  three 
months'  time  1   Account  for  this  change. 

6.  Record  the  length  of  time  from  sunrise  to  sunset  once  a 
month  during  the  lust  four  months  of  the  year.  Explain  the 
change  in  the  duration  of  daylijjiit. 

6.  Record  once  a  week  during  the  same  months  the  out- 
door temperature  as  indicated  by  the  thermometw.  Take 
tlip  temperature  always  at  the  same  hour  of  the  day.  State 
the  amount  of  variation  and  explain. 


IX.   SOME  mSAS  ABOUT  MATTER 

Material. — A  pail  of  water,  glass  jars  oe  bottles,  test  tubes 

or  enamelled  cups,  spirit  lamps,  a  small  vial,  a  tumbler,  a  Uttte 
atjna  ammoniae  (ammonia  in  water),  sugar  and  salt. 

.Vll  boys  aud  girls  of  your  age  have  noticed  that 
some  things,  such  as  wood,  iron,  water,  milk,  etc., 
take  up  room,  or  in  other  words,  occupy  space. 
We  apply  the  term  matter  to  anything  that  will 
occupy  space. 
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rt  may  never  have  oooorred  to  you  that  there 
ai-e  things  which  are  quite  invisible  to  us  which 
oocupy  space  as  completely  as  those  forms  of 

Tiitttter  which  we  can  see.  Let  us  consider  the 
air  in  what  we  call  an  eniptt/  bottle.  Push  the 
open  bottle,  mouth  downward,  into  a  vessel  of 
water.  You  will  find  that  the  water  does  not  enter 
the  open  mouth  of  the  bottle  and  fill  the  bottle 
when  you  push  it  down  beneath  the  surface  of 
the  water.  The  air  occupies  space,  for  it  excludes 
the  water  from  the  bottle.  If  you  push  the  \x>tt\e 
under  water  and  mcline  it  on  its  side,  you  can 
see  the  bubbles  of  ah:  coming  out  of  the  bottle, 
and  as  the  au*  goes  out  the  water  rashes  m,  but 
not  before;  so  air  is  a  kind  of  matter. 

A  portion  of  matter  of  sensible  size  is  called  a 
hodi/.  The  amount  of  space  included  within  the 
limits  of  a  body  is  caUed  its  volume.  A  body  does 
not  lecessarily  fill  all  the  space  included  within 
Its  limits;  for  instance,  sand  and  gravel  do  not. 
The  volumes  of  bodies  are  expressed  in  various 
units,  such  as  cubic  inches,  cubic  centimeters, 
gallons  and  boshels. 

The  different  ki$td8  at  matter  are  called  sttb- 
stances.  For  example,  wood,  water  and  air  are 
substances.  A  substance  such  as  wood,  wUek  is 
so  firm  or  rigid  ^t  it  wiU  not  flow,  is  called  a 
solid.  Substances  which  will  flow  rea^,  Ukt 
water  and  air,  are  caUed;fM«fo.   You  have  notioed 
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that  if  you  leave  some  water  in  a  corked  bottle, 
the  volume  of  water  remains  the  samo.  The  water 
lies  in  the  bottom  of  the  bottle ;  but  if  you  catch 
some  invisible  ammonia  in  a  small  vial  and  set  it 
open  in  a  large  bottle,  and  cork  the  larger  bottle, 
you  will  find  in  a  short  time,  by  the  smell,  that 
the  ammonia  has  spread  throughout  the  larger 
bottle.  The  ammonia  does  not  tend,  as  the  water 
does,  to  retain  its  volume,  but  tends  to  increase  in 
volume,  and  spread  throughout  all  the  available 
space.  A  fluid  such  as  water,  which  tends  to  hold 
together  and  retain  its  volume,  is  called  a  liquid. 
l^uids  such  as  ammonia  and  air,  which  tend  to 
oiffuse  -through  space  and  become  thinner  and 
thinner,  are  called  gases. 

Many  substances  may  exist  either  as  a  solid,  a 
liquid  or  a  gas.  Water  is  one.  In  the  fonn  of  ice 
it  is  a  solid ;  when  the  ice  melts  it  is  liquid  water ; 
as  invisible  steam  it  is  a  gas.  The  visible  water 
vapor  which  we  see  issuing  from  a  boiler  or  a 
kettle  is  not  steauL  True  steam  or  gaseous  water 
is  invisible.  If  you  watch  visible  vapor  forming 
at  the  mouth  of  a  kettle,  or  at  tlie  mouth  of  a  test 
tube  in  which  water^is  boiling,  you  will  see  that 
the  visible  vapor  is  formed  from  an  invisible  gas. 
This  invisible  gaseous  water  is  the  true  steam. 
Leave  some  water  in  a  tumbler  in  the  room. 
The  water  gradually  escapes  from  the  tumbler 
and  leaves  no  trace  behind.    It  has  diffused 
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through  the  «ir;  bnt  it  wag  not  as  a  liquid  that 

the  water  i,.  japed  from  the  tumbler,  else  you 
coiiM  have  seen  it  going.  The  liquid  water 
cliaiijred  into  invisible  gas  (steam),  and  it  was  the 
gas  which  spread  through  th<^  air  of  the  room. 
\Vn  say  that  the  water  evaporated. 

Put  about  half  a  teaspoonful  of  sugar  into  a 
<'Up  of  v.ater,  and  as  much  salt  into  another  cup 
of  water.  If  the  sugar  and  salt  do  not  disappear 
entirely  in  a  short  time,  gradually  add  water  until 
they  do.  Although  you  cannot  see  the  sugar  or 
the  salt  now,  you  can  taste  them  in  the  water. 
Tliey  seem  to  be  in  a  liquid  state,  like  the  water 
itself,  and  so  cannot  be  distinguished  by  sight 
from  the  water.  The  sugar  and  salt  are  said  to 
be  dissolved  in  the  water,  and  the  two  mixtures 
are  called  solulioris — one  a  solution  of  salt,  the 
other  a  solution  of  sugar  in  water.  Boil  some  of 
each  solution  in  a  test  tube,  and  catch  the  escap- 
ing vapor  in  a  cold  bottle.  Taste  the  condensed 
vapor.  The  liquid  you  collect  in  the  bottle  is 
distilled  water.  You  now  see  how  to  separate  a 
dissolved  solid  from  the  liquid  in  which  it  was 
dissolved. 

inflHKTWlW 

1.  Find  MTerai  solid  sabstances  which  will  not  diasolve 
to  any  pero^lbie  extant  in  water. 

2.  Set  a  clear  solution  of  salt  and  one  of  sugar  aside  in  a 
corked  bottle,  till  you  have  decided  whether  the  salt  and  the 
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HItgV         I))  rmiii'  solid  a<;aiii  nui  »-tt|c  to  the  Uittom  ot  tlM 

watT.  Tlicii  leavo  tlx-  iMiitle  open  till  the  water  ev^wmteM, 
and  t'xau>>'ie  tlie  dry  rusidue. 

3.  Fin . .  a  nolid,  other  than  ioe,  which  will  become  a  liquid 
when  heatefl,  and  another  solid  which  cannot  he  fused 

(liquefied  by  heat). 

4.  Find  the  volume  of  a  rectangular  box  1 2  in.  long,  H  in. 
wide  and  5  in.  deep.    Explain  the  process. 

r>.  What  volume  of  sand  would  the  Inifore-mftutioiied  box 
liold,  ^iupposiIl^{  the  box  to  be  made  of  material  ^  ijich  thick  1 
G.  (a)  Give  reasons  for  thinking  that  air  has  weight. 
(6)  What  uo  you  think  is  the  cause  di  weight  1 


X.   SOMETHING  ABOUT  WORK  AND  ENERGY 

Material. — Spirit  lamps,  a  piece  of  coarse  iron  wire,  a 
vulcanite  (hard  rubber)  comb,  a  piece  of  woollen  cloth,  silk 
thread,  balls  of  dry  sunflower  pith,  small  thin  pieces  of 
various  metals,  and  light  pieces  of  several  other  substances, 
slender  sewing  needles,  small  pieces  of  cork,  earthen  bowls  or 
saucers  filled  with  water,  and  a  good  horse-shoe  magnet. 

In  order  to  do  v  ork  we  must  move  some  material 
body,  or  cause  one  that  is  movir^  to  go  faster  or 
more  slowly,  or  in  a  different  direction.  So  you 
see,  yon  are  really  working  when  yon  are  playing, 
for  you  are  moving  things. 

Some  of  you  at  least  have  had  the  exp^enoe 
c  working  till  you  felt  tired.  Now,  I  think  you 
will  admit  that  when  j^ou  feel  tired  you  really  feel 
as  if  you  had  lost  something — that  you  have  less 
of  something  than  you  had  before.    That  which 
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you  loM  m  conseqiiPnce  of  working  in  ciUled 
Hnei^.  Energy  is  the  abili^  to  do  workf  tmd 
yon  loft  eome  of  that  ability.  However,  you  will 
probably  get  a  frefih  supply  to  make  up  for  what 
you  lost. 

Yoii  must  have  observed  that  the  amount  of 
energy  a  bod}-  has  does  not  depend  on  its  size 
or  the  quantity  of  mutter  in  it.  Apparently  an 
ounoe  of  gunpowder  has  more  enorg>'  than  a 
l»rsnT\d  of  elay.  Certainly  a  hot  piece  of  iroii  has 
more  energy  than  the  sj  .^e  piece  when  it  is  cold, 
for  it  can  do  work  wht>u  :ot  which  it  cannot  do 
when  oold.  For  instance,  it  would  bum  a  hole 
in  a  board.  When  it  is  doing  that  it  is  d(Hng 
work,  for  it  is  moving  the  parts  of  the  wood.  If 
you  lay  a  hot  piece  of  iron  on  a  cold  pieoe  the 
oold  piece  becomes  warmer — ^rises  in  temperature. 
This  is  a  case  in  which  energy  is  transferred  from 
one  body  to  another,  for  the  energy  of  the  hot 
l>iece  becomes  less,  while  the  energy  of  the  other 
l)eeomes  gi'eater. 

Hang  up  balls  of  di'y  sunflower  pith  and  some 
light  pieces  of  metal  and  other  substances  by 
threads  of  silk.  Try  whether  a  hard  rubber  eomb 
will  have  any  visible  effect  on  them  wh^  h^d 
near  without  toudiing  th^;  then  rub  tiie  comb 
vigorously  with  a  pieee  of  fiasL?!  and  h<^  it, 
successively,  near  the  suspended  objects.  The 
flannel  and  comb  riiould  be  warm  and  dry  in 
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order  to  get  the  best  results.  You  will  find  the 
comb  will  do  work  after  being  rubbed  that  it 
could  1.  do  before — that  is,  it  gained  energy 
while  you  were  rubbing  it.  You  lost  muscular 
energy  in  rubbing  the  comb,  but  of  course  the 
comb  did  not  gain  musculai"  energj^,  for  it  has 
no  muscles.  The  energy  acquired  by  the  comb 
is  called  elecfyrical  energtf. 

This  experiment  illustrates  auother  case  of 
transference  of  enei^ ;  but  the  energy  was  trans- 
formed as  well  as  transferred. 

You  will  find  thjit  a  magnet  will  not  act  on  all 
substances  which  the  electrified  comb  acts  upon; 
it  has  another  form  of  energ\^ — niaynetic  energy. 

When  you  heated  the  iron  you  were  imparting 
heat  energy  to  it.  The  iron  weighs  no  more  when 
it  is  hot  than  when  cold.  The  heat  increases  its 
energy,  but  not  its  weight.  The  comb,  too,  when 
electiified,  has  more  energy  than  before,  but  you 
will  find  that  it  weighs  no  more;  Matter  has 
weight,  but  energy  has  no  weight. 

EXERCISES 

1.  Try  to  electrify  other  bodies  besides  the  comb. 

2.  Find  by  experiment  whether  electrical  energy  will  pass 
from  one  body  to  another  without  being  tranrfonaed. 

3.  find  what  substuices  are  attrMsteble  by  the  magnet, 
and  some  which  are  not. 

4.  Rub  your  knifo-blade  with  a  magnet,  and  explain  tiie 
result. 
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5.  Rub  a  steel  needle  with  one  end  (pole)  of  the  magnet 
several  times  in  one  direction.  Stick  the  needle  through  a 
small  piece  of  cork  imd  float  it  evenly  on  a  dish  of  water 

placed  in  such  a  position  that  the  action  of  the  inHxlle  will 
not  be  a£fected  by  objects  made  of  iron  or  steel.  Note  the 
direction  in  which  the  floating  needle  comes  to  rest  on  the 
water.  Swing  it  half  way  around  and  let  it  go  again.  How 
does  it  act  ?  You  have  just  niiule  a  simile  fiana.  «rf  the 
aiariner's  compass.    Point  out  its  use. 


WINTER  LESSONS 


XI.  CONTENTS  OF  THB  POTATO  TDBBR 

Material. — Potat4>  tul^n  for  the  dasn,  test  tabes,  spirit 
lamps,  iodine  solution  (obtainable  from  a  druggist — may  be 
diluted  with  methylated  spirit),  thin  white  cotton  cloth 
(cheese  cloth)  in  squara  pieces,  saucers  or  glass  nappies.  If 
test  tubes  are  not  available,  the  potato  juice  may  be  heated 
and  water  boiled  in  enamelled  cups. 

We  noted  in  a  preceding  lesson  that  the  storage 
of  food  for  future  use  was  a  common  habit  among 
plants.  It  is  now  in  order  for  us  to  examine  some 
storage  organs  to  find  the  principal  substances 
they  contain.  We  will  begin  with  the  potato 
tuber,  commonly  called  a  "  potato." 

Before  we  proceed  to  search  for  the  principal 
substances  of  which  a  potato  tuber  is  composed, 
note  the  arrangement  of  the  buds  called  +he 
"eyes"  of  the  potato.  Cut  the  tuber  v 
crosswise,  and  find  the  pai*ts  correspond!  '  j 
the  pith,  wood  and  bark  of  an  oi'dinary  ^.t.^. 
The  lines  marking  off  these  three  divisions  may 
be  seen,  but  you  will  find  the  materiids  in  them 
very  different  from  those  of  the  correi^nding 
parts  in  the  stem  of  a  tree. 

You  will  notice  that  the  interior  of  the  luber 
is  quite  wet  with  a  watery  liquid,  which  you  can 
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identify  by  its  fed,  taste  aad  lack  of  eolor  to  be 
water,  at  least  mostly.  Press  a  piece  of  blue 
litmus  paper  into  this  watery  juice.  What  change 
of  color  do  you  observe!  Try  pure  water  on 
litmus.  The  change  in  color  plainly  indicates  that 
the  juice  is  not  pure  water,  but  has  some  sub- 
stance dissolved  in  it.  The  change  you  obsei-ved  is 
characteristic  of  substances  called  acids,  and  indi- 
cates the  presence  of  an  acid  in  the  potato  juice. 

Reduce  half  of  a  potato  to  a  fine  pulpy  mass, 
by  sending  it  with  a  knife  or  a  grater.  Place 
the  pulp  in  the  middle  of  a  piece  of  thm,  bleached 
cotton  cloth  (cheeee  cloth).  Q«ther  the  clo&  up 
into  the  shape  of  a  bag,  and  squeeze  the  juioe 
out  into  a  dish.  Use  a  little  water— not  as  much 
water  as  juice — and  wet  the  pulp  from  time  to 
time  by  pressing  the  cloth  into  the  juice  and 
water  in  the  dish.  By  repcjitod  wetting  and 
squeezing  you  will  get  neai'ly  es  erything  out  of 
the  pulp  that  will  pass  through  the  meshes 
between  the  threads  of  the  cloth. 

On  examining  the  contents  of  the  dish  you  will 
find  that  some  fine  white  solid  material  has  passed 
through  the  cloth  along  mit  the  water.  Stir  this 
up  with  tile  wat«:  and  juice,  and  empty  everything 
solid  and  liquid— that  passed  throuig^  the  cloth 
into  one  or  more  test  tubes  or  into  a  small  bottle, 
iiiid  let  it  stand  till  the  sohd  substMice  has  settled 
to  the  bottom. 


46  AOBIOULTUBE  AND  NATURE  StUDT 

Then  pour  off  some  of  the  liquid  into  a  test 
tube.  Heat  the  liquid— but  not  to  the  boiling 
point — until  a  solid  substance  fonns  in  the  water, 
and  may  be  seen  mixed  with  or  suspended  in  the 
water.  Allow  it  to  settle.  Why  could  you  not 
see  this  solid  substance  before  you  heated  the 
water  t  It  must  have  been  dissolved  in  the  cold 
juice,  but  became  solid  when  the  water  was  heated. 
This  substance — ^which  is  soluble  in  cold  water, 
but  becomes  solid  in  hot  water—is  called  albumm. 
It  takes  its  name  from  the  Latin  word  alhus, 
which  means  white.  If  the  solidified  potato 
albumen  is  not  quite  white,  it  is  because  it  is  not 
pure. 

Next  turn  your  atteutiou  to  the  substance  which 
settled  to  the  bottom  of  the  watery  juice  at  first 
Pour  the  liquid  off.  Though  this  sediment  is 
white,  it  is  not  albumen,  for  it  was  not  dissolved 
in  the  juice  of  the  potato.  How  eould  it  pass 
through  the  cloth  in  the  solid  state  f  Try  to  find 
this  out  by  examining  the  sediment.  This  white 
substance  is  cnlled  starch.  You  can  tell  by  the 
wnount  you  obtained  whether  it  forms  a  large 
part  of  the  tuber  or  not. 

Mix  a  little  of  the  starch  with  an  inch  of  water  in 
a  test  tube,  and  boil  the  water.  You  will  thus  find 
whether  the  starch  will  dissolve  in  hot  water  or 
whether  it  will  settle  to  the  bottom  as  it  did  at  first. 
Mix  a  very  liWs  of  thin  mixture  of  starch  and  water 
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with  an  inch  or  two  of  cold  water  in  another  teet 
tube,  and  add  a  few  drops  of  iodine  solution.  If 
you  h*Te  done  fhe  experiment  properly  you  will 
obtain  a  beautiful  color,  very  diffeceat  finmi-that 
of  the  iodine  itself.  This  is  the  iodine  test  Unr 
starch,  and  will  enaUe  you  to  dktangniBh  starch 
from  other  white  substances,  and  to  detect  it  when 
mixed  in  very  small  amount  with  other  substances. 

Turn  to  the  material  you  left  in  the  cloth. 
Though  white  it  is  evidently  not  starch,  else  it 
would  have  gone  through  the  cloth  with  the  rest 
of  the  starch.  It  differs  from  the  albumen  in  not 
being  soluble  in  the  juice  of  the  potato,  and  from 
starch  in  not  being  made  up  of  grains.  This 
inscduble  white  substMioe  »  eillfid  edkUuei  it  k 
the  same  sabstanoe  as  pitrs  W0odf  but  is  not  made 
up  of  fibres  like  tlM  woody  fibro  of  leaf  veins  and 
of  ordinary  stems.  If  yon  like,  you  may  boil 
in  water  a  little  of  the  insolable  material  left 
in  the  doth,  and  test  it  with  iodine,  to  find 
whether  any  of  the  starch  remained  in  the  cloth 
with  the  cellulose.  You  will  probably  find  some 
starch  remaining  with  the  cellulose,  for  the  potato 
contains  a  very  small  amount  of  wood ;  still  there 
is  enough  wood  to  hold  the  tuber  together  after  it 
is  peeled,  which  the  loose  grains  of  ttaioh  ooold 
not  do. 

It  it  evident  1^  tbe  di^  petl  td  tii*  iiotato 
muMt  ecmtaln  tome  mbttMioe  ^iroufh  wbiel^  witer 
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can  only  pass  very  slowly,  tor  J.  ^  ju  examine  an 
old  potato  you  will  find  that  it  is  still  quite  juicy. 
The  tough  layer  of  waterproof  material  which 
covers  the  potato  is  really  cork.  This  corky  layer 
corresponds  to  the  white  bark  of  a  birch  tree,  and 
keeps  the  water  in  very  ^eetively. 

We  have  now  found  that  there  are  six  different 
substances  in  llie  potato;  but  do  not  conelude 
that  there  are  no  other  substances  in  it.  Which 
of  the  substances  in  the  potato  tuber  are  to  be 
regarded  as  food  stored  up  for  the  future  use  of 
the  potato  plant!  You  could  decide  this  by 
considering  what  substances,  found  in  consider- 
able quantity  iu  the  tuber^  are  not  found  in 
dry  woody  stems,  or  only  in  small  amount.  Cut 
out  a  narrow  strip  from  the  potato,  twist  a  fine 
iron  wii  e  (florist's  wire)  around  it,  leaving  part  of 
the  wire  to  use  as  a  handle,  and  heat  it  in  the 
lamp  or  other  flame.  At  first  it  blackens  or 
chars,  but  keep  it  in  the  flame  imtil  a  white  or 
gray  snbstfuice  appears  ontside  the  black.  Press 
th' .  gray  material  against  a  small  bit  of  wet  red 
litmus  paper.  The  paper  should  change  color.  A 
substance  which  has  the  observed  effect  on  red 
litmus  is  called  a  base  or  alkali,  and  is  said  to  be 
alkaline.  You  will  notice  that  the  gi*ay  substance 
resembles  wood  ashes.  Try  whether  wood  ashes 
are  alkaline.  You  will  thus  find  vhat  a  potato 
contains  a  small  amount  of  ask 
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1.  Name  the  different  substances  you  found  in  the  potato 
tuber,  and  tell  how  to  distinguish  each  from  other  substances. 

2.  Tcot  a  boiled  potato  for  starch.  Simply  touch  it  with 
weak  iodine  aolatiim. 

3.  Bury  a  few  tubers  in  the  soil  out  of  doors.  Mark  the 
spot,  and  leave  them  there  for  the  winter  to  find  whether 
they  will  sorvive. 


Xn.  THE  OOHTIBTS  OF  A  CARROT 

MaierkA. — Spirit  lamps,  porous  paper  (filter  paper),  Fehl- 
ing's  aolalioii,  if  {Mrocurable,  molasses  or  gluooM,  todim  adatioB, 
several  carrots,  a  small  funnel.  If  your  druggist  does  not  keep 
Fehling's  solution  in  atook,  you  may  get  him  to  pivpMre  some 
for  yoo,  aoomding  to  ilie  foOowing  direeti<nis.  TIw  quantity 
may  be  veried,  as  long  as  the  proportions  hero  given  are 
observed  :  Dissolve  14  grams  of  copper  sulphate  (blue  vitriol) 
in  200  grams  of  water,  and  put  this  solution  (a)  into  a  bottle. 
Dissolve  69|  gnuns  <rf  BodiflQe  salt  and  64  gnou  of  oMwtie 
potash  in  200  grams  of  water.  Keep  this  solution  (6)  in 
another  bottle.  Whra  these  two  sc^atiMUi  are  mixed  in 
equal  Tolomes  yoit  ham  lUiling's  wdbsAkm.  Do  not  mix  the 
whole  at  «Boe,  aa  Fehlii^a  Mtailkm  does  not  ke^  very  long. 

Tou  oaimot  find  my  bods  cm  iSb»  vim  of  tiis 
carrot  aa  you  did  on  a  potato,  ^lis  iadieatce  tliat 
the  carrot  is  a  lOot  and  not  a  stem,  exo&pk  at  the 
top  where  tibe  leaves  grow  out.  Leaves  wr& 
grow  on  a  root,  so  the  top  of  the  carrot  must  be 
a  very  short  stem.  \]\  the  rest  of  it,  since  ^ 
bears  neither  leaves  nor  budsi  is  of  the  ni^pi^ 
a  root 

4 
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Cut  a  carrot  across,  and  also  lengthwise  through 
the  middle,  and  look  for  the  parts  corresponding 
to  the  pith,  wood  and  bark.  You  will  find  little, 
if  any,  fibroi  stringj'  wood  in  the  wood  zone  of 
a  carrot  of  the  first  year.  Note  how  thick  and 
fleshy  is  the  part  which  represents  ^he  bark,  and 
how  small  the  pith.  Observe  abo  he  pUh  rays 
arising  from  the  pith  and  extending::  'through  the 
wood  zone. 

Prepare  some  carrot  pulp  by  scraping  a  carrot 

as  yon  did  the  potato  in  a  former  lesson,  and 
squeeze  the  juice  through  a  fine  white  cloth.  Then 
test  the  juice  for  acid  with  litmus  paper.  Note  also 
whether  the  amouut  of  water  is  large  or  small. 

Test  for  albumen  by  heating  the  juice  in  a  test 
tube.  If  you  find  albumen,  it  will  probably  be 
stained  yellow  by  the  substance  which  colors  the 
carrot 

Teet  part  of  the  juice,  after  it  cools,  for  starch 
with  iodine  solution. 

To  remove  solid  matter,  filter  some  of  the  juice, 
prevumaly  heated,  through  porous  paper.  Put  into 
the  test  tube  about  an  inch  of  the  filtered  juice 
(that  is,  enough  to  fill  the  test  tube  to  the  depth 
of  an  inch).  Add  enough  Fehling's  solution  to 
impart  a  blue  color  and  heat  the  mixtm*e.  There 
should  soon  be  n  decided  change  of  color  in  the 
mixtui-e.  Heat  a  little  of  Fehling's  solution  by 
itself.    No  change  of  color  should  ensue.  We 
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can  only  explain  theM  faotB  by  the  nqipontion 

that  the  juice  of  the  carrot  contains  some  sub- 
stance which  will  act  on  Fehling's  solution  in  the 
manner  obs<^rved.  Why  could  we  not  see  this 
substance  in  the  filtered  juice  t  It  must  be  soluble 
in  water,  else  we  would  have  seen  it.  Consider 
whether  it  could  be  starch,  albumen  or  cellulose. 

The  sweetish  taste  of  the  carrot  suggests  that 
the  substance  we  have  found  in  the  carrot  might 
be  sugar.  To  test  tUs,  dkscdre  a  retj  little 
molasses  or  grape  sugar  d^neoee)  in  an  inch  of 
water  in  a  test  tube.  Add  Fehling's  solution  and 
apply  heat.  Sugars  sueh  as  glucose  and  others 
which  act  in  this  manner  on  Fehling's  solution 
are  called  reducing  sugars.  The  caiTot  is  said  to 
contain  more  than  one  kind  of  sugar,  but  the 
principal  variety  in  it  is  fruit  sugar.  If  Fehling's 
solution  is  not  obtainable,  the  taste  test  must  be 
accepted  as  evidence  of  the  presence  of  sugar. 

Examine  the  residue  of  the  pulp  left  in  the 
cloth,  and  deeide  wheth^  it  e<«taiiui  eellulose 
similar  to  that  of  the  potato. 


1.  Name  the  different  substances  you  found  in  the  carrot, 
and  tell  honr  you  distinguish  them  respectively  from  others. 

2.  Get  a  carrot  with  some  small  roots  (secondary  roots) 
branching  fran  the  main  <me.  Slice  the  carrot  aad  find 
whether  the  Moondary  roots  start  from  tin*  pith  or  from  tiw 
wood  ion*. 
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5.  TMt  ft  fnntp,  ft  bMl  and  ft  taniq>  for  •fearoh  ftnd  for 
NIgftr. 

4.  I^nd  whether  a  cftrrot  oontftins  any  anh,  and  if  ao, 
whether  the  ash  is  acid  or  alkaline. 

6.  Plant  in  flower-pots,  or  in  the  garden,  when  Rpring 
comes,  a  carrot,  parsnip,  beet  and  turnip,  and  note  what 
becomes  of  the  food  lAand  in  the  roots.  When  the  fianU 
hftve  fully  mi^nred,  odlect  ftnd  compftre  their  fraita. 


ZUL  WHAT  WB  CAH  FIHD  IV  A  ORAOI  OF  WHBAT 

Material. — ^Wheftt  graiiis  ftnd  flour,  Muoen  or  smftll  bowla, 

pieces  of  thin  white  cotton  or  linen  cloth,  iodine  aolntion, 
Fehling's  solution. 

We  will  use  ordinary  wheat  floui*  in  our  experi- 
ments to-day.  Flour  is  made  from  wheat  jEfrains 
by  giinding  and  sifting.  Of  course,  whatevei'  we 
find  in  the  flour  must  have  been  in  the  gi-ain.  If 
you  crush  a  gi*ain  of  wheat,  you  can  discover  why 
the  flour  is  different  in  color  from  the  gi'aiu. 

Make  a  ball  of  stiff  dough  as  large  as  a  small 
apple  by  mixing  wheat  flour  with  water  in  a  dish. 
Allow  the  dongh  to  stand  half  an  hour ;  then  pnt 
it  into  a  doth,  soak  it  in  a  little  water  in  a  shallow 
dish,  and  squeeze  the  water  through  the  cloth, 
repeatedly,  into  the  dish.  Then  q)read  the  cloth 
out  in  another  shallow  dish,  and  pour  water  slowly 
over  the  dough,  working  the  dough  with  your 
fingers  as  you  proceed.  Keep  pouring  thr  water 
off  until  it  becomes  quite  clear.   The  part  of  the 
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flour  l«ft  in  the  olofh  will  display  propertieif  quits 
dilfertnt  from  anylMng  we  found  in  tiie  pototo 

or  carrot.  If  you  have  done  this  experiment 
successfully,  you  will  have  left  in  the  cloth  a 
substance  whicli  will  stretch  a  good  deal  without 
breaking,  and  its  extension  will  spring  back 
quickly  when  you  let  it  go  after  stretching  it. 
It  will  also  form  strings  or  fibres  when  you  pull 
one  part  of  it  away  from  the  rest.  This  substance, 
which  is  a  very  Talnable  part  of  the  wheat  grain 
and  floor,  is  called  gluten  or  fibrin.  Dry  the 
gluten  and  preserve  it  for  a  future  lesson. 

Turn  to  the  white  substance  which  went  through 
the  cloth  at  first  with  the  water.  Note  whether  it 
dissolved  in  the  water  or  settled  to  the  bottom. 
Boil  a  very  little  of  it  in  water  and  apply  the  iodine 
test.  Decide  which  exists  in  greater  amount  in  the 
wheat  flour — gluten  or  starch. 

Since  sugar  readily  dissolves  in  cold  water,  you 
can  find  by  testing,  ^^ith  Fehling's  solution,  the 
water  used  in  satm-atiug  the  flour,  whether  the 
wheat  flour  contains  any  appreciable  quantity  of 
rednc'rg  sugar. 

The  wheat  plant,  we  find,  stores  up  a  generous 
supply  of  two  substances  in  its  seeds,  and  that  not 
for  itself — ^for  the  plant  which  bears  the  seed  dim 
as  the  seed  matures — ^but  for  its  offspring,  the 
young  wheat  plants,  which  will  gi'ow  from  these 
seeds.  It  was  difierent  in  the  case  of  the  carrot. 
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in  It  thb  ^ant  whi«h  itoret  up  the  food  iism  it 
for  its  own  d«v«lopiiii0iit,  klir  cm  its  own  lif« 
history. 

1  TmcU  a  pi,.(  e  of  wheat  brewl  with  iodinf  wluiion, 
An  l  txpldi'i  the  ivHalt. 

Tmt  IiKiian  corn  and  oth'-r  ^?ra      for  wtarch,  And  .nj 

forUi 

3.  Pulvciua  a  bem  and  tfst  it  for 

4.  Geminate  wheal  grains  in  a  box  of  erti  in  an«l  ohserve 
the  rnoAf  d^rtlapmiK^  nf  ^  joong  idsnta. 


XIV.   TBB  CraVOSmON  OF  WOOD,  SXARcH  AND 

Materiml. — Smne  nail  pieces  ot  wood,  w>tton  wool,  starch, 
ragKr,  tffkit  kaqM,  test  tabea  with  oorka. 

We  hare  found  that  u  potato  contains  .rater, 
staroh,  albums  woody  matei-ial  (cellulos'  and 
■ome  (^er  iwhutftpoco.  It  will  be  orth  ^M}« 
now  to  in^pira  what  the  snboianmi  hksh  n>  ,k*^ 
up  the  potato  are  thanwelvea  eoii^OK^jd  of. 

Let  us  be^n  with  y^^od.    Hold  r  ue  ^d  a. 
piece  of  dr>'  white  W(  d  in  the  flai     of  a  si>irit 
lamp  till  it  begins  to  chat,  that  in,   ill  a  bla- 
substuiice  appears.    Y  u  will  find  tha     his  black 
substAnee 

can  write  on  paper  v  h  ii  and  if  von  i  it  lae 
stick  into  water  the   jlaek  subst     ^  do«fe  jt 
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'tiMolv  in  tbe  w«ter  taj  uo*  than  tli*  wood 
it^lf  ^       do.   This  inaoliiblo  bbek  rabttoaot 

IP     Jed  chart  oal 
The  hawoal  is  pin  nly  a  vwry  different  substance 
'     ^  xxi,  iuid  could  11  )t  1.  •  g    ertilly  used  as  a 
titi  rr  itr  w         Whence  then  did  the  char- 
corn  *     loid  ^mothing  over  ti  e  flame  to  see 
wb"  lu  "^       chr    -al  came  out  oi      •  flame.  It 
cert,  iniv        n       ime    om  the  su     unding  air, 
else  oui  1   ^       jd  I     »me  black  with  cliarconl 
froir,  heai      liidoharv  d  must  have  been  in  the 
wood         ,  but  ono  ivottid  suppose  th«t  if  wood 
^  iaedsomiichblaekdiarooalfthciwoodyiiiBtead 
o       *g  white,  would  be  MAdL  or  netaty  ao.  Why 
is  t  that  the  black  charcoal  d©*^-  H^  dMnrin  the 
^    te  wood  f  There  must  be  s<  sabetanoe 
le  woofl  which  hides  the  chan^f        ti  ju.  Let 
-  try    >  find  what  that  other  sui        o  is. 
Heat  very  slowly  a  little  dry  w       (a  l)all  of 
*  ottou  vvool  will  answer  well  for  this  experiment, 
SIS  cotton  fibre  is  a  very  pure  form  of  wood)  in 
the  bottom  of  a  test  tube,  held  slantingly  and 
<'lofled  witii  the  th;in}i>  or  wiHi  a  cork.   Soon  clear 
drops  oi  txm»  liquid  wttl  appear  oa  the  gbMs  iti 
ae  eool^r  part  of  the  tube.  Thk  %nicl  Io<^  like 
water,  condenses  like  water,  and  feeb  like  water. 
No  matter  how  dry  wood  is,  you  eaa  wato* 
out  of  it  by  heating  it.   Of  course  you  cannot  see 
the  water  eeoapiBf  from  the  wood  whee  ihm  wood 
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is  heated  directly  in  the  flame,  for  the  water  would 
then  pass  off  into  the  air  as  invisible  steam.  In 
the  test  tube,  as  the  steam  could  not  escape,  part 
of  it  condense.,  into  liquid  water  and  so  becomes 
visible.  Chemists  have  found  that  pure  dry  wood 
(cellulose)  is  made  up  entirely  of  charcoal  (carbon) 
and  water. 

We  cannot  prove  by  onr  simple  experiments  that 
wood  contains  nothing  else,  but  we  have  found 
that  it  does  contain  these  two  substanoes.  We 
must  for  the  present  accept  the  word  of  chemists, 
that  there  is  .nothing  else  in  pure  wood  but  char- 
coal and  water. 

It  is  strange  indeed  that  the  black  charcoal  in 
dry  wood  does  not  make  it  look  black,  nor  the 
water  in  it  make  it  feel  wet.  The  charcoal  and 
the  water  which  together  form  the  wood  must  be 
united  in  such  a  way  that  each  hides  the  properties 
of  the  other.  When  two  substances  are  so  united 
that  they  conceal  each  other's  properties,  they  are 
said  to  be  chemkalfy  united  or  to  be  in  chmkai 
union. 

Mix  some  charcoal  anti  water  together  in  a  battle 
and  see  whether  they  unite  chemically.   No,  they 

do  not  hide  each  other's  properties ;  for  the  char- 
coal makes  the  mixture  black,  and  the  water 
makes  it  feel  wet.  In  a  piece  of  dried  white  wood 
we  have  just  the  same  two  substances,  but  they 
are  chemically  united  in  the  wood,  and  neither  of 
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them  shows  at  all  till  they  are  ohemMly  tqfmrated. 
This  we  did  by  heating  the  wood. 

When  the  wood  was  heated  it  undei-went  chemical 
decoh  position.  If  you  continue  to  heat  the  wood 
in  the  closed  test  tube  you  may  be  eonfusetl  by  the 
fact  that  the  clear  liquid  water  which  first  appears 
becomes  colored  by  something  which  dissolves  in 
the  water.  This  is  due  to  the  fact  that  although 
cellulcwe  is  composed  of  carbon  and  water  only, 
in  the  prooess  of  dtemieal  ddromposition  new 
sabstances  are  formed  from  the  charooal  and 
v.  ater;  but  these  new  snbstaaoes  eontMn  nothli^ 
whidi  is  not  in  the  wood,  that  is,  they  are  fonned 
from  the  charcoal  and  water  in  the  wood. 

Examine  diy  starch  in  the  same  way  that  you 
did  wood.  If  it  chars  you  know  that  it  contains 
charcoal.  If  when  you  heat  it  in  a  closed  tube  it 
yields  water,  as  the  wood  did,  you  may  infer  that 
it  contains  water  as  well  as  charcoal,  and  that,  like 
wood,  it  is  made  up  of  these  two  substances. 
Apply  the  same  tests  to  sugar,  and  draw  your 
own  Goncluaion& 

Since  dry  wood,  sugar  and  stareh  yield  charooal 
aiid  wat«r  idioi  lifltttod  modnalely  in  a  dosed  tube, 
they  ate  called  emrbok^imiM  earba  denotiag  ehar- 
ooal  (carbon),  the  rett  <tf  the  name  d^ioting  the 
water.  It  is  remarkable  that  starch,  m^Kt  sad 
wood,  which  difter  from  each  other  in  to  niMEiy 
reqiectsi  should  be  eompoeod  ai  the  nne  two 
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substances— carbon  and  wat«r.    We  have  seen 

that  tha  charcoal  and  water  are  chemically  united 
in  these  carbohydrates,  for  wood,  sugar  and  starch 
are  quite  different  in  their  properties  from  either 
carbon  or  water.  No  one  would  mistake  either  of 
them  for  carbon  or  for  water,  neither  does  the 
carbon  show  it«  color  nor  the  water  its  wetness 
in  any  of  the  three. 

Tou  remember  that  we  found  water  and  starch 
in  a  potato.  Were  they  chemioally  nn^ted  f  No, 
for  the  properties  of  the  water  were  evident  in  tiie 
potato  juice,  and  when  we  touched  the  pulp  erf  tiie 
potato  with  iodine  solution  a  blue  color  appeared, 
showing  that  the  starch  is  not  chemically  united 
with  anything,  else  it  would  not  display  this  pro- 
perty. Besides,  we  washe<l  the  starch  out  of  the 
pulp,  which  we  certainly  could  not  do  if  it  were 
chemically  united  with  another  substance. 

When  a  substance  is  not  in  chemical  union  with 
another  it  is  said  to  be  free  or  umcmhmeeL  Th« 
water  in  potato  juice  is  /ireef  hot  the  water  in  dry 
wood  is  combmed  with  charooaL 

Since  wood  is  made  up  of  two  substanoea  ^em- 
ioally  united,  it  is  called  a  oOTipound  substance,  or 
a  chemical  compound.  As  no  one  has  been  able  to 
find  anything  in  charcoal  except  charcoal,  it  does 
not  seem  to  be  composed  of  two  different  sub- 
stances, and  it  is  therefore  oidled  a  simple  substattce 
or  a  chemical  element 
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XV.    WHAT  BECOMES  OF  WOOD  WHEN  IT  BURNS 

Material. — Wide-mouthed  bottles,  matches,  VKuXL  sticks 
and  shavings  of  dry  wood,  bowls  and  basins,  and  •  j«r.  If 
Huitable  bottlea  are  iMrt  avukUe  deep  tumblen  may  be  used 
instead.  Lime-water  for  this  lesson  should  be  prepared  two 
or  three  days  in  advance,  as  follows  :  Soak  a  lump  of  lime 
(quicklime)  in  water  in  a  bowl,  pour  oflF  the  water  which  the 
lime  (kes  not  absorb.  Soon  the  lime  will  beoome  quite  llot 
and  crumble  into  a  dry  powder.  This  dry  powder  water- 
slacked  lime.  Put  a  few  tablespoonfuls  of  alacked  lime 
into  a  j«r.  fUI  the  jsr  witii  water  and  etir  the  slaekod  lime 
through  it.  Cover,  and  aet  away  to  wttle.  When  the  water 
becomes  clear,  test  it  with  litmus  paper,  to  find  whether  it  is 
acW  or  alkaline.  This  clear  aoluiion  of  uiater-daelud  lima  is 
called  lime-water.  Cover  the  jar  to  keq»  out  the  idr.  Oxic 
up  the  remainder  of  the  lime  in  a  bottle  and  save  it  for  use 
ia  making  lime-water.  It  will  change  if  you  leave  it  expoiwd 
to  the  air. 

Recall  the  fact  that  a  stick  of  wood  soon  bums 
away  in  a  stove.  No  wood  or  even  charcoal  re- 
maiitt— only  a  naidl  quantity  of  gray  ash,  which 
is  ncitiier  wood  mxt  oharooal  sinee  it  irill  not  bum. 
Wlul  beeomfla  <tf  Hm  wood  t  Whither  tea  it  go  f 

Set  to  a  tii^  iliaving  of  dry  wood ;  keep  it 
burning  without  smoke,  tiU  the  wood  and  *»biMtoe1 
have  all  disappeared  tot  scnne  distance  txom.  the 
end.  The  wood  is  gone,  yet  you  did  not  see  it 
going.  You  saw  the  flame,  but  you  saw  nothing 
ri-«?ing  out  of  the  flame ;  nevertheless,  some  gas, 
invisible  to  you,  may  have  been  ascending  from 
the  flame. 
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Set  fire  to  one  end  of  a  dry  stick,  not  larger  than 
a  lead  pencil.  Hold  it  so  that  it  will  bum  with  a 
small  smokeless  flame  below  the  mouth  of  a  dry 
wide-::aouthed  bottle,  held  inverted  over  the  flame. 
See  the  liquid  collecting  on  the  inside  of  the  bottle. 
Feel  this  liquid  with  yom*  finger  and  taste  it. 
Recollect  that  diy  wood  is  composed  of  charcoal 
and  water.  WiUer  from  the  burning  wood  most 
have  risen  out  of  the  flame  as  invisible  steam. 
Ton  could  not  see  the  water  till  the  steam  con- 
densed into  liquid  water  on  the  glass. 

Rinse  the  bottle,  wipe  it  dry,  and  hold  it  again 
mouth  downward  over  the  smokeless  flame  of  a 
burning  stick.  In  a  minute  or  even  less,  place 
the  palm  of  your  hand  tightly  against  the  mouth 
of  the  bottle  to  keep  any  gas  which  may  have 
risen  into  the  bottle  out  of  the  flame  from  escaping, 
and  then  tm-n  the  bottle  mouth  up.  Pai*tially 
remove  jonr  hand  and  quickly  empty  a  little  clear 
lime-water  into  the  bottle.  Cover  ^e  botfle  tightly 
again  as  soon  as  the  lime-water  is  in,  and  shake 
the  lime-water  vp  and  down  throng^  the  gas  in  the 
bot^  If  yon  do  this  expwiment  earefolly,  you 
will  see  a  dedded  change  in  the  appearance  ol  the 
lime-water. 

There  must  have  been  in  the  bottle  a  gas  which 
produces  this  effect  on  the  lime-v/ater.  This  gas  was 
not  in  the  bottle  before  it  was  held  over  the  flame, 
as  you  can  prove  by  shaking  lime-water  through 
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a  bottle  of  air.  The  gas,  therefore,  must  have 
risen  out  of  the  flame  into  the  bottle.  This  gas  is 
known  as  carbonic  acid  gas.  We  can  distinguish 
it  from  other  gases  by  its  effect  on  lime-water. 

When  we  bum  wood,  then,  we  may  catch  as 
they  ascend  from  the  flame  two  substances  which 
pass  off  as  gases— water  and  carbonic  acid  gas. 
Now  wood  consists  of  water  and  carbon— not  of 
water  and  carbonic  add  gas.  Thk  seems  to  show 
that  the  carbon  of  tlie  wood  must  be  in  the  carb<»ic 
acid  gas.  If  this  gas  were  pnre  carbon  it  wonM 
become  solid  cMrbon  as  it  cod%  for  carbon  is  sdid 
at  ordinary  temperatures.  So  carbonic  acid  gas 
mubt  contain  some  other  substance  than  the  car- 
bon of  the  wood ;  and  the  carbon  in  "the  gas  must 
be  chemically  united  with  that  other  sub8t>  .ce,  for 
each  of  them  conceals  the  properties  of  the  other. 
This  means  that  carbonic  acid  gas  is  a  compound 
satetance. 

1.  Put  tarn  stardi  in  ua  iron  spocm  mad  hotd  it  over  the 
flame  of  a  spirit  lamp,  till  the  starch  bursts  into  flame.  Then 
catch  the  gaaes  which  arise  from  the  flame,  and  find  whether 
they  are  ^  ttaoB  as  those  which  come  out  of  the  flame  of 
boniiag  wood. 

2.  Try  the  same  experiment  with  sugar. 

3.  When  we  bum  wood  or  any  other  carbohydrate,  which 
of  tiw  two  rabttenoes  wbikAi  make  v  oarbohydiate  do  we 
really  bum  f 

4.  Why  can  we  not  see  anything  except  a  little  mIi 
idaoe  erf  the  wood  which  we  bum  in  our  stoves  t 
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XVI.    WHAT  CARBONIC  ACID  OAS  IS  COMPOSBD 
OP— OZIDATIOir 

MiUerial. — Charcoal,  crystallized  chlorate  of  potash,  black 
oxide  td  manganese,  lime-water,  woo^  toothpicks,  maU 
hardwood  rticlu,  ranall  squares  of  window  gf-irr.  \mm  wire. 

Procure  some  wood  charooal  from  a  store  or 
by  oharring  a  piece  of  wood.  Wind  a  piece  of 
brass  wire  about  a  piece  of  charcoal,  closely 
enough  to  prevent  it  from  falling  out.  Leave 
part  of  the  wire  pi'ojectiug  for  a  handle.  Shake 
together  in  a  test  tube  a  few  crystals  (^f  chlorate 
of  potash  and  a  much  smalltM-  bulk  of  black  oxide 
of  manganese.  Try  a  test  stick  (a  hardwood  tooth- 
pick is  just  tl'ie  thing),  first  merely  glowing  at  the 
tip,  then  buniiug  with  a  flame,  in  the  mouth  of  the 
test  tube.  Note  tbe  i-^lts,  if  any. 

H^t  the  mixture  with  a  spirit  lamp,  till  a  al&ck 
with  a  lowing  tip  wM  bant  »to  flune  h^ma  \M 
in  the  raoath  of  the  tabe.  Hold  the  tobe  away 
from  the  lamp  sad  npeat  tlw  eaipefiBMl  miiSi 
the  stick  will  no  longer  burst  into  flame. 

This  gas  cannot  be  aii*,  for  the  glowing  stick 
does  not  act  in  that  way  while  it  is  in  the  air. 
This  gas  in  which  a  stick  bums  so  much  faster 
than  in  air  is  called  oxygen.  Oxygen  is  another 
substance  which  has  never  been  broken  up  into 
two  diffei-ent  substances,  and  so  is  classified  as  a 
simple  substance  or  chemical  element. 
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Add  a  little  more  chlorate  of  potash  to  the  mix- 
ture in  the  test  tube.  Insert  the  mouth  of  the  test 
tube  into  the  mouth  of  a  small  wide-mor"  1  bottle 
held  with  the  mouth  turned  obliqueb  vnward, 
and  apply  heat  to  the  tube  till  a  glowing  ^Ack  will 
promptly  burst  into  flame  when  held  in  the  mouth 
of  the  hottle ;  then  quickly  cover  the  mouth  of  the 
bottle  with  a  wet  piece  of  glass.  Heat  the  prepared 
charooal  till  part  <tf  it  is  lowing.  HoM  it  for  ft 
m<Haeiat  in  ^  air,  then  lower  it  into  Hie  bottto  of 
oxygen,  aBowing  ft  pieee  ol  eardbotrd,  ^tacn^ 
wldch  yon  hftve  pftseed  the  handle  ni  tie  wire,  to 
close  loosely  the  mouth  of  the  bottle.  Note  wlwUier 
the  chazooal  becomes  hotter  or  colder  when  put 
into  the  oxygen,  and  whether  it  glows  moare  or  Ism 
brightly  than  before. 

Take  the  wire  with  the  remaining  charcoal  in  it 
out  of  the  bottle  and,  quickly,  before  the  gas  in  it 
has  had  time  to  mingle  with  the  air  outside,  shake 
a  little  clear  lime-water  through  it  The  apparent 
diange  in  the  fime-wfttw  iHU  oonvinoe  yon  at 
onoe  Hiftt  carbonic  acid  gas  was  lonaed  by  bom- 
ing  the  eharooal  in  the  oxygen. 

K  nooocBttry,  repei^  tbe  ea^erimeBl  lo  mftlss 
sore  wbetibir  Hie  charcoal  was  disappearing  as 
Hke  new  gas  was  being  formed.  You  shonld 
««^M?*|  too,  why  the  charcoal  stopped  burning. 
Since  it  was  not  for  lack  of  chaitwal,  it  must 
have  been  for  laek  of  oxygen. 
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Now  we  mnst  enquire  what  the  carbomio  acid  gas 
is  composed  of.  It  cannot  be  carbon  gas,  that  is, 
carbon  in  the  form  of  gas,  for  if  it  were  it  would 
become  a  solid  as  soon  as  it  cooled  down  to  the 
ordinary  temperature.  Neither  is  it  something 
out  of  the  carbon,  for  charcoal  is  a  simple  sub- 
stance. As  oxygen  is  also  a  simple  snbstance 
ottrbonio  add  gas  oonld  nol  luwe  oome  out  of  tlw 
ozygexL  l^noe  it  is  neither  earbon  nor  oxygen, 
nor  a  part  of  eiHier,  it  most  be  f  <xrmed  of  the  two 
ehemically  united  together.  This  is  made  the 
more  certain  by  the  fact  that  both  the  charcoal 
and  the  oxygen  were  gradually  disappearing  in 
the  bottle  at  the  time  the  carbonic  acid  gas  was 
being  formed.  They  were  evidently  disappearing 
by  entering  into  chemical  union,  when  each  con- 
cealed the  properties  of  the  other,  and  a  new 
substance  with  different  properties  from  either 
was  formed.  Because  this  gas  k  made  up  of 
oxygen  and  one  other  simple  substance  it  w 
called  an  oxide.  As  an  ozide^  ^atbosm  add  gas 
is  called  earhm  dk-xidB,  When  earbon  Cft  any 
other  snbstanee  unites  with  ooiygen  it  is  said  to 
oxidize  or  undffir^  omdation. 

But  how  can  we  account  for  the  chain  r»al  becom- 
ing so  hot  while  the  oxidation  was  going  on  f  It 
must  be  that  the  chemical  union  in  some  way 
produced  or  caused  the  heat  and  the  bright  light, 
for  as  soon  as  the  oxidation  ceased,  both  the  heat 
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and  the  light  disappeared.  Hwt  io  pratesid  m»f 
be  palled  heai  ^  ekmical  mitm, 

BXXRCiaBS 

1.  Put  80IIM  lime-water  into  a  small  bottle  and  blow  your 
Imatii  throng  it  by  meaoa  oi  a  itabe  till  you  get  a  deddad 
effect.   Argue  frran  this  aqperinuat  that  earbon  it  oaridiaed 

in  the  body. 

2.  In  what  part  uf  the  body  does  the  oxidatfap  of  carUm 
trim^aee  wad  at  wliafc  t«n%nratwet 

3.  Find  whether  charcoal  eaa  be  oadc&nd  at  ^xb  tmtymik 
ture  outside  of  the  body. 

4.  Where  and  how  is  the  diarooid  oxiduEed  in  the  body 
taken  in  1    How  often  ? 

5.  Where  and  how  is  the  oxygen,  used  in  the  body  for 
oxidizing  carbon,  taken  in.Y    How  often  1 

6.  Frare  by  ezpenaient  tfiat  both  vegetable  food  mmI 
animal  food  contain  carbon. 

7.  Mentim  a  case  in  which  the  oxidatimi  (ji  carbon  pro- 
duces heat  without  light. 


XVU.  THE  COMPOSiTIOV  OF  THE  ADt 

Material. — Wide-mouthed  bottlea,  dry  pieoM  of  wood,  liaa- 
water,  a  pttdmr,  tiunbl«rB  or  bowla,  noiw  or  ioe^  Mlt 

Bom  -without  emdra  for  tees  Him  a  iiiiimt«  the 
ohamd  end  of  a  dry  stick  in  a  bottle  fall  of  air. 
BemoTe  the  stick  quickly,  pour  a  little  clear  lime- 
water  into  the  bottle,  close  its  mouth  with  your 
hand,  and  shake  the  lime-water  up  and  down 
through  the  bottle.  You  can  tell  by  the  reao^ 
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tliAt  carbonic  acid  gas  was  f onnsd  by  bandng  tiis 

charcoal  in  the  bottle. 

Now  that  gas,  as  we  found  before,  is  a  compound 
gas,  made  up  of  carbon  and  oxygen  chemically 
united.  The  stick  supplied  the  carbon  (charcoal), 
but  whence  came  the  oxygen  necessary  to  unite 
with  the  carbon!  The  carbon  of  the  stick  must 
have  obtained  the  oxygen  from  the  air  which 
snmnmded  it;  hence  the  air  most  contain  oxygen. 

Hie  air,  however,  cannot  be  pore  oxygen,  else  a 
Crowing  stick  wonld  bnrst  into  flame  in  the  air  as 
it  does  in  oxygen.  There  must  be  some  other  gas 
mixed  with  the  oxygen  in  the  air — a  gas  which 
does  not  allow  a  stick  to  bum  in  it,  for  it  prevents 
things  from  buniing  as  rapidly  in  air  as  they 
would  in  oxygen.  The  gas  which  does  this  is 
mostly  nitrogen. 

Notwithstanding  the  nitrogen  in  the  air,  the 
oxygen  united  with  the  burning  charcoal;  the 
nitrogen'  too  displayed  its  own  properties,  by 
hindering  the  combiisHon.  Since  the  oxygen  and 
nitrogen  in  the  air  do  not  conceal  eadi  caller's 
properties,  we  may  oondude  that  they  are  not 
diemkally  united,  bat  are  mwely  int«min|^ed. 

Let  us  seek  for  other  gases  in  the  air.  Look  for 
water  first  Fill  a  pitcher  with  water  at  the  tem- 
perature of  the  room;  no  water  soaks  through  or 
collects  on  the  outside  of  the  pitcher.  Fill  the 
pitcher  with  a  mixture  of  snow  or  broken  ice  and 
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oonunon  •alt  Water  does  ooHflet  on  the  oatiid* 

of  the  pitcher.     As  the  water  oould  not  soak 

tiirough  the  sides  of  the  vessel  it  must  have  come 
oat  of  the  air  around  the  vessel ;  therefore  the  air 
of  the  room  must  contain  water,  but  that  water 
mu.«t  exist  in  the  air  as  an  invisible  gas,  for  we 
cannot  see  it  till  it  condenses  into  a  liquid.  This 
invisible  gas  is  in  fact  steam. 

We  will  next  test  the  air  for  carbon  dioxide 
(oarbonie  acid  gas).  Shake  lime-water  through  a 
bottle  of  air.  The  water  remains  dear.  At  first 
yoa  are  indined  to  decade  that  tiie  ur  contains  no 
carbon  dioodde;  bnt  this  ezporiment  only  diows 
that  there  is  not  enough  carbon  dioxide  in  a  bottle 
of  air  to  have  any  visible  effect  on  the  lime-water. 
If  the  lime-water  were  exposed  to  the  open  air  for 
a  longer  time  there  might  be  a  perceptible  effect. 

Fill  a  tumbler  or  bowl  half  full  of  lime-water 
and  leave  it  exposed  to  the  air.  Do  not  disturb 
the  lime-water  for  some  days,  but  look  at  it  occa- 
sionally. You  will  observe  a  scum  gradually 
forming  on  the  exposed  surface  of  the  liquid. 
Since  this  scum  only  f  <»rms  whne  the  liquid  met^ 
the  ab,  it  mnst  be  caused  by  sometiiing  in  tiie  air. 
Now  we  know  that  carbon  dioxide  acts  on  lime- 
water  when  mixed  with  it  To  decide  idietiur 
is  carbon  dioxide  in  the  air  which  caused  the  weam 
to  form,  put  some  lime-water  in  the  bottom  of  • 
deepk  wide-mouthed  bottla  Bum  a  ehanred  Mk 
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in  th*»  bottle  eb-  >^  the  lime-water  for  r,  short  time 
aad  (luiekly  fork  the  bottle,  or  cover  it  with  a  slip 
of  glass  which  has  been  smeared  with  vaseline,  so 
that  it  will  nol  I'.t  the  gas  escape  from  the  bottle. 
Notice  whether  the  scum  forms  more  or  less  slowly 
than  it  did  when  the  lime-water  was  exposed  to 
the  <fpm  air.  Bep«il  the  «zperimettt  if  neeeimiry. 
I  l^dnk  yon  win  be  aUe  to  ahow  from  this  ezperi- 
flM&t  that  the  air  o<mtaiiui  a  nnall  inropmrtioii  of 
earbome  add  gas. 

We  have  now  found  four  gases  in  the  air.  There 
are  others  there  in  small  prop<»rtionSy  but  we  ean- 
not  find  them  at  present. 

1.  Siefirwhetiier  nitrogen  hM  any  viable  «flbot  on  Uine-tni^ 

2.  Mention  three  gases  in  tiie  air,  in  m^tlier  of  iHiidi, 
when  pare,  will  a  stick  bum. 

3.  When  charcoal  bams  in  the  air,  with  which  of  the  gases 
Unn  dim  it  vaitet  Why  dow  it  not  unite  witli  ooa  or 
man  of  ^  odient 


XVni.    THE  COMPOSITION  OF  WATER 

Material. — Small  pieces  of  zinc  (granalated  zinc  is  ho»t), 
hydrochloric  acid,  test  tubes,  delivery  tubes  with  oorkii  or 
rubber  stoppen,  tomblers  or  wide-mouthed  bottles.  U  de^ 
livery  tubes  are  not  available,  the  following  experiments  can 
be  ffedonaed  without  them.  By  genraating  the  gas  in  uoall 
botUn^  vm  tMt  tubes 

Pat  small  pieces  of  sine  to  a  dq;>tii  of  an  inch 
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into  a  test  tube.  Add  enough  dilute  bjdFCchlorie 
ac-.id  to  cause  an  active  bubbling  (* Hfervescence). 
Insert  a  cork  through  wbidi  passes  a  delivery  tube 
of  i-meh  boro.  "BM  a  nnaU  wide-monihed  bottle 
inverted  oyer  the  montb  of  tlie  tnbe  to  eatdi  the 
gM  M  it  issnee.  In  about  a  minute^  hdd  the 
botlle  a  dMHft  diataaee  away  from  the  tabe  with 
the  meaUi  itifl  tiimed  downward,  and  set  fire  to 
the  gas  yovL  oanght  in  the  bottle.  Repeat  the 
exi)eriment  till  you  see  how  fast  tbe  gas  bums,  and 
note  the  color  of  the  flame.  Turn  the  mouth  of 
a  bottle  full  of  the  gas  upward  at  once,  and  find 
whether  the  gas  will  stay  in  the  bottle  till  you  set 
fire  to  it.  Show  that  this  gas  is  neither  oxygen, 
nitrogen  nor  c«u'bon  dioxide.  Thieeoaibiutiblegas 
is  oalled  Jti^  - '  <  ?«%  and  I  ke  oxygen  and  nitrogen  it 
k  a  siaaple  lUstM  ae. 

We  itoii> '  Y  ^'xx  ry  to  find  what  becomes  of  the 
hydri^^  whc  ^  •  '■.>  bums.  Pour  th  liquid  off  the 
zinc  in  the  test  tube.  Add  acid  a  b  :  c  re.  Insert 
the  cork  with  the  delivery  ta^^  and  set  fire  to  the 
hydropren  as  it  issi  from  tb*-  -  ube.  Can  you  see 
anything  issuing  i  rom  the  flame  of  the  burning 
hydrogen  ?  Hold  a  dry  tumbler  mouth  downward 
just  above  the  flame  till  a  liquid  condenses  on  the 
inside  of  the  tumbler.  Examine  this  liquid  by 
taste  and  ton^  How  dc  aeeoant  l(»  li^ 
^  yon  did  as*  eatoh  any  hydrogen  In  Hie 
toftblerf 
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Since  water  is  the  only  substance  we  can  find 
ooming  out  of  the  ilame  in  which  the  hydrogen  is 
bnniiiig^  we  must  oondude  that  water  is  the  only 
Bobstanoe  which  is  produced  by  burning  hydrogen 
in  the  air.  We  have  foiuid  that  whm  carbon 
bums  in  the  air  it  unites  with  the  oxygen  th«re  to 
form  carbon  dioxide,  so  it  is  highly  probable  that 
when  hydrogen  bums  in  the  air  it  also  unites  with 
the  oxygen  in  the  air  to  form  an  oxide  of  hydrogen. 
As  water  is  the  only  substance  we  found  arising 
from  the  flame,  we  must  conclude  that  water  is  this 
oxide  of  hydrogen  and  is  3ompo8ed  of  hydrogen 
and  oxygen  in  chemical  union.  Hereafter,  then, 
we  must  remeniber  thai,  ./ater  is  hydric  oxide  i  but 
we  will  BtiU  continue  to  speak  of  it  by  its  familiar 
name. 

1.  Why  am  joa  Me  I.  Mng  ooming  <mt  of  the  hydrafen 

flame  1 

8.  Exidain  'wbj  water  and  carbcm  dkacide  will  not  bum. 

5.  Ba^ain  how  water  extingniihee  a  fire. 

4.  What  is  really  happening  to  a  house  when  it  is  on  fitel 
What  invisible  products  are  going  off  into  the  air  froni  the 
file? 

6.  Note  whether  edid  sulphur,  without  heating  or  rubbing 

has  any  smell,  and  try  whetJier  it  is  soluble  in  water.  Bum 
a  little  sulphur  without  smoking,  and  find  whether  any  gas 
oomet  out  of  tiie  flame.  How  is  this  gas  easily  detected} 
Argue  out  the  composition  of  this  gas.  It  is  called  ralphan/itt 
acid  gas.  Shake  a  little  water  through  a  bottle 
the  gas  and  test  the  solution  with  litmus  p^per. 


Fdst  YB4»->WiinaDi  Libm»s 


71 


XIX.   AMMONIA  GAS  AND  ITS  COMPOSITION 

Material. — Tumblers,  test  tubes,  spirit  lamps,  small  bottles, 
SMioera  or  large  nappies,  litmus  paper,  water,  lime  (unslacked), 

Ifix  in  a  dish  »b<mt  equal  ydomes  of  mI 
ammoniao  and  powdered  lime  (qnioUime).  Can 
yon  smdl  or  see  anylMng  eoming  off  from  tiie 
mixture  T  The  pnngent  gas  which  is  set  free  by 
lime  fnnn  the  sal  ammcmiao  is  eiAed  ammonia 
gas. 

Put  a  teaspoonful  of  the  mixture  into  a  test 
tube,  and  apply  heat  slowly.  Do  not  make  the 
mixture  hot  enough  to  smoke.  Catch  the  am- 
monia— which  is  now  set  free  mor-^  rapidly — in 
a  small  bottle,  held  so  that  the  mouth  of  the  test 
tube  jnst  enters  the  month  of  the  bottle.  In  a 
minnta  or  two,  set  the  bottle,  montii  down,  in  a 
shallow  dish  ot  water.  Shake  the  bottle  without 
lifthig  its  month  out  <tf  the  wator.  The  water 
should  rise  until  it  fills,  or  partly  fills,  the  bottie. 
Test  the  ammcmia  stiH  escaping  from  the  test  tube, 
with  litmus  paper,  to  find  whether  the  ammonia 
gas  is  acid  or  alkaline;  also  try  to  set  it  on  fire 
with  a  match.  Turn  the  bottle  mouth  up,  without 
losing  the  water  which  rose  into  it;  taste  the 
solution  in  the  bottle,  and  test  it  with  litmus. 

You  have  illustrated  in  these  experiments  several 
properties  of  ammonia  gas,  but  you  have  not  found 
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what  the  gas  is  composed  of.  We  cannot  prove 
that  by  means  of  the  simple  apparatus  we  are 
nsing^  so  we  will  have  to  accept,  without  verifica- 
laon,  #hat  the  chemists  say  about  its  oompoaitioii. 
This  is  regr^bk,  bat  it  is  the  best  ws  em  do  ftt 
present. 

Chemists  have  found  that  amnumia  is  a  com- 
pound gas  composed  of  two  other  gases,  with  both 
of  which  we  have  met,  viz.,  nitrogen  and  hjfdroffm. 
We  found  nitrogen  in  the  air  some  time  ago,  and 
we  prepared  hydrogen  quite  recently  and  found  it 
to  be  one  of  the  elements  of  water. 


1.  Comi»ro  ammonia  with  each  of  the  two  fMM  at  wbiA 
it  id  composed.  What  does  the  fkot  tiu^  it  cUflbn  w  nudi 
from  them  indicate  f 

2.  Try  whether  wster  will  rise  into  a  bottle  of  air  when 
stood  mouth  down  in  water,  as  it  does  into  a  bottle  »t«»^»imU^ 
ammonia  ga«.    Explain  the  result. 

3.  Why  did  the  water  rise  higher  in  some  of  the  botUes 
eooteiiiiiig  aaMKMiia  thra  m  oiiMrtt 

4.  What  became  of  tiie  ■immk  gM  when  ttw  water  mm 
into  the  bottlcH  1   Give  reasons  for  your  answer. 

5.  Show  whether  thwe  is  much  ammonia  in  the  air. 

6.  ftow  whether  ammnjia  is  an  acid  or  an  alkaline  gas. 

7.  Staet  Wm  emtiim  mmUm  irffaofwi  nor  hydrogwi,  what 
can  yon  prove,  from  joor  Wft^am^^  aboMl  tha  eeafMilioa 
oi  sal  ammoniac  ? 

S.  &0W  vImI^  ml  amoMBiae  eeirtatns  anything  beeidc;. 
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XX.   WHAT  THE  GLUTEN  OF  WHXAT  IS 
COMPOSED  OF 

Material. — Powdered  starch,  wheat  flour,  dried  gluten  and 
beaos ;  litmus  paper,  red  and  blue,  tr  ,  tubes  and  spirit  lamps ; 
aooM  tiiBple  oonferhriMioe  lor  pahreriBng  the  (^uttn  and  hsswi 

We  wiU  int  try  whether  lime  will  act  on  starch 
and  i^ten  ai  U  did  <m  Ml  ammoniae.  "Bisk  Ina 
on  dMiiD  red  Htmnf  saoer  and  aote  iUM  i^iriMa 
kSML  Pot  abool  I  of  an  iM^al  fuwdiiid 
intoatest  tctlM^  AddaasMipowdetadalMeliaa 
could  be  piled  on  a  five-cent  pieea  (or  about  the 
bulk  of  a  pea),  mix  the  lime  and  stareh  weB 
together  by  shaking  the  tube.  See  that  no  lime 
is  sticking  to  the  glass  in  the  mouth  of  the  tube, 
fleat  the  mixture  wMle  you  hold  a  strip  of  damp 
red  litmus  paper  in  the  mouth ;  note  the  smell  of 
the  escaping  gases,  and  whether  there  is  any  change 
in  the  ecte  of  the  litmus  paper.  If  no  ehaoge 
aiipears,  try  damp  Urn  litanis  paper. 

Bcpoat  ItefxeeseBng  eaqpMinflaty  ludnf  yoapdatii 
l^ltn  Ipgttad  ol  i^ax^  Ton  wiU  imi  ttat  mi 
•Bn&M  fM  is  set  free  by  the  lime,  as  wimi  mk 
aaUBcmiac  was  heated  with  lime.  Thai  gaa  woi 
ammonia;  it  is  likely  then  that  this  gas  is  the 
same.  The  odor  of  the  ammonia  may  be  disguised 
by  the  iBMU  of  other  gases  set  free  at  the  iai&s 
time. 

As  no  ammonia  was  set  free  when  we  used 
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starch,  we  must  infer  that  the  ammonia  was  sel 
free  by  the  lime  acting  on  the  gluten;  tlierefor© 
gluten  must  contain  nitrogen,  for  ammonia  con- 
tains nitrogen. 

Try  whether  diied  gluten  will  char.  Thi«  is  a 
test  for  carb(m. 

Beddes  carbon  and  nitrogen,  gluten  has  been 
found  by  chemisti  to  contain  hydrogen,  oxygen 
and  a  little  snlpbnr— that  is,  it  contains  the  three 
elements  which  make  up  the  carbohydrates  and 
two  others  —  nitrogen  and  sulphur.  We  have 
proved  that  gluten  contams  carbon  and  nitrogen, 
but  we  cannot  prove  at  present  that  it  contains 
the  other  three  elements. 

Albumen,  which  you  found  in  the  potato,  has 
been  analyzed,  and  has  been  found  to  contain  the 
same  elements  as  gluten.  Evidently  gluten  and 
albumen  belong  to  a  class  of  compounds  much 
more  complex  than  the  eaibohydrates. 

The  class  <3i  compounds  to  whk'i  gluten  and 
albumen  belong  is  called  the  proteins  or  ^tytdds. 
They  are  often  spoken  of  as  nitrogeneoos  oom- 
pounds,  because  they  differ  from  the  Cttbc^ydiatee 
in  containing  nitrogen.  Recollect  here  that  nitro- 
gen is  that  gas  mixed  with  oxygen  in  the  mp 
which  dilutes  the  oxygen  to  such  an  extent  that  a 
glowing  stick  will  not  burst  into  flame  in  the  air. 
Indeed  it  has  been  proved  that  about  four-fifths 
of  the  air  is  nitrogen. 
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1.  Fohreriie  a  wbO.  dried  hmn  and  test  it  tor  protein%  m 

you  did  gluten — by  heating  a  mixture  of  bean  meal  and  Ibaa 
and  making  the  litmus  test.  The  principal  protein  in  beans 
is  called  Ugumin.  That  name  is  taken  from  Uie  wQrd  legume^ 
which  draiotes  a  pod  tnck  as  ihafc  ci  the  bean. 

2.  Test  sugar  for  nitrogen  in  the  same  way  as  you  did 
sturch  and  gluten.  If  '  he  gases  set  free  hare  no  effisot  on  the 
color  of  red  litmus  paper,  try  blue  litmus. 

S.  find  wbtAut  Indiaa  eom  meal  eontafais  ^vten. 
4.  MlndiaiieomiiwalwidiholliiBelorpnleiM. 


ZZL  YlQlTiBUI  OILS  AID  AiCIM  M  A  BALt 

Mattnd. — Grains  of  oorn  soaked  till  quite  weii,  oUtv  oil  or 

some  other  vegetable  oil,  pieces  of  thin,  white  writing  paper, 
litmus  paper,  sour  fruits,  starch,  cotton  wool,  sugar,  water- 
slacked  Hme,  spirit  lamps  and  test  tubes,  enamelled  plates. 

Oils.  Look  at  a  grain  of  soaked  corn  and  you 
will  observe,  showing  through  the  seed-case  on 
one  side  of  the  grain,  the  outline  of  a  body  perhaps 
about  ond-fonrth  of  an  inch  long  and  in  shape 
r«i0mUiiig  the  half  sole  <^  a  boot  Open  the  gndn 
and  tab  iSiis  body  out.  It  is  quite  thid^  and  yon 
win  reoognlie  it  as  the  part  of  tiie  gftin  temn. 
which  the  young  plant  wpnga$  in  germination.  It 
is  iSb/snSan  ealled  the  gmik  Remove  several  of 
these  germs  from  the  grains  ard  dry  them.  We 
wSl  wamine  tiua  part  of  Uie  grain  for  oil. 
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Place  a  drop  of  olive  oil  or  any  other  vegotablt 
oil  on  a  piece  of  thin  writing  paper,  and  hold  fhe 
paper  between  you  and  the  window.  The  oil  spot 
on  the  paper  will  become  nearly  transparent.  As 
olive  oil  is  a  fixed  oil,  the  spot  will  remain  indefin- 
itely. 

Crush  two  dry  germs  of  Indian  corn  and 
place  the  fragments  on  a  square  slip  of  white 
writing  paper.  Lay  the  paper  on  an  enamelled 
plate,  and  heat  the  plate  slowly  over  a  lamp  or  on 
a  stove  or  radiator,  taking  care  not  to  bum  or 
char  the  paper.  Press  the  fragments  against  the 
paper.  In  a  short  time  you  should  get  a  clear 
spot  (on  the  paper)  resembling  an  oil  spot,  and 
permanent  like  it. 

The  oil  spot  can  be  obtained  without  heat  by 
covering  the  fragments  of  the  germs  with  a  few 
drops  of  benzene.  The  benzene  will  dissolve  out 
oil  which  will  leave  a  spot  on  the  paper  after  the 
benz«ie  iMf  has  evaporated.  But  benzene  is  such 
an  inflammable  substance  that  it  is  not  safe  to  use 
it  in  a  scho(^  GbMSoline  and  ether  will  also  dissolTe 
oil,  but  they  also  are  very  inflammable. 

Mention  other  plants  which  store  up  oil  in  their 
seeds  or  fruits. 

Put  a  few  drops  of  a  vegetable  oil  into  a  tea- 
spoon and  hold  the  spoon  in  the  flame  of  a  spirit 
lamp  until  the  oil  takes  fire.  It  will  burst  into 
flame  sooner  if  you  tip  the  spoon  a  htt^  so 
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^aik      hel      will  tippnmk  tl»  adgt  Am  to 
flame.  Hold  a  wide-mouthed  bottle,  month 
down,  over  the  flame.    Feel  the  liqnid  wlakk 

gathers  on  the  inside  of  the  bottle. 

Catch  in  the  bottle  again  the  invisible  gases 
escaping  from  the  flame.  Place  your  hand 
promptly  over  the  mouth  of  the  bottle  and 
shake  a  Httle  lime-water  up  and  down  through 
the  bottle  which  you  still  keep  dosed  with  your 
hand. 

Yoii  dMQld  BOW  be  aide  to  |iroTe  l^t  bo&  wilw 
and  carbon  dioiMte  riao  oat  of  Hm  flane  of  the 
burning  dL  But  when  a  aidbataBoa  ia  Imnikig  in 

the  air — as  we  have  shown  befora-^it  or  some 
substance  in  it  is  uniting  witii  the  oxygt-n  of  the 
air.  Now  what  substances  must  the  oil  contain 
in  order  that  water  and  carbon  dioxide  may  be 
formed  by  burning  it !  Water  is  formed  by  hydro- 
gen uniting  with  oxygen,  and  carbon  dioxide  is 
formed  by  carbon  uniting  with  oxygen;  hence  the 
oil  must  contain  carbon  and  hydrogen. 

We  cannot  prove  that  tba  oil  oontains  oxygen, 
f mr  when  a  aobataooe  la  branoif  is  the  air  It  k 
taking  oxygen  /hm  tile  air.  Chankta  tall 
however,  that  moat  oils  oontain  aome  oiyfni,  bat 
not  so  much  as  carbohydrates  da  It  aeems,  tiban, 
that  vegetable  oils  contain  the  same  elements  aa 
the  carbohydrates,  but  in  a  different  proportion. 

Adia.  HeatAlntof  starehin  atube,oloeedwi& 
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your  thumb,  until  gases  with  a  strong  tmsll  an 
given  off.  Then  put  a  piece  of  blue  litmus  into 
the  tube.  The  effect  will  show  that  an  acid  has 
been  formed.  Now  since  the  acid  has  been  formed 
from  the  starch,  it  is  evident  that  the  acid  contains 
no  other  elements  than  those  of  starch — viz., 
carbon,  hydrogen  and  oxygen.  "We  have  not 
proved,  of  course,  that  it  contains  all  of  these,  and 
will  therefcNre  be  compelled  to  accept  that  conclu- 
sion on  the  an^ority  d  ehemiftB. 

Cut  dices  off  several  sour  fruits,  and  press  a 
piece  of  blue  litmus  paper  against  the  juicy  pulp. 
You  wiU  find  that  the  effect  indicates  an  acid  in 
ea<A  case.  The  sour  taste  oonunon  to  all  of  these 
fruits  must  be  due  to  the  presence  of  the  acids,  so 
we  must  consider  a  sour  taste  as  goo<l  an  indication 
of  an  acid  as  the  litmus  test.  Tlie  principal  acid 
of  the  apple  is  called  malic  acidj  from  the  Latin 
word  **malum^^'  which  denotes  an  upple.  The 
dklinctive  add  of  the  lemon  is  called  citric  acid. 
These  adds  are  also  found  in  other  fruits,  but 
there  are  many  different  vegetable  acids. 

Find  whether  the  two  other  carbohydrates  jou 
have  met  with— sugar  and  cellulose — yield  adds 
when  heated  in  a  closed  tube.  You  may  use 
cotton  wool  for  wood,  as  it  is  nearly  pure 
cellulose. 

A  Salt.  Squeeze  the  juice  cut  ht  half  a  lemon. 
Taste  it  and  test  it  with  litmus  paper.   To  what  is 


the  taste  and  the  aetkm  on  Utmtis  due  f  Taste 
water-slacked  lime,  and  test  it  with  damp  litrnm 
paper.  The  taste  aud  the  effect  on  litniiis  indicates 
that  water-slacked  lime  belongs  to  the  class  of 
substances  called  bases  or  alkalies.  Their  action 
on  litmus  is  just  opposite  to  that  of  an  acid. 

Stir  water-slacked  lime  into  the  lemon  juice,  a 
little  at  a  time,  until  the  liquid  vrill  neither  turn 
blue  htmus  red  nor  red  litmus  blue,  or  at  least 
very  ■lowly,  and  tiU  the  liquid  has  neither  a  sour 
nor  an  alkafiira  taste.  Dilute  with  water,  if  aeoea- 
sary.  Strain  tiM  tt^iid  tiurooc^  poroos  paper. 
Bel  the  dish  over  the  flame  of  a  spirit  lamp,  or 
on  a  hot  stove  or  a  radiator,  until  the  water  has 
evaporated. 

The  dry  residue  which  remains  in  the  dish  is 
called  a  salt.  This  is  a  salt  of  citric  ueid,  because 
that  acid  was  mixed  with  a  base  to  produce  the 
salt  The  name  of  this  salt  is  citrate  )f  lime.  You 
can  see  that  this  name  is  formed  from  the  nemes 
cf  the  acid  and  base  which  were  mixed  to  prodoee 
the  salt  Taste  and  deaeribe  eitnle  of  lima. 
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izn.  TKBit  a  whtir 

jtfii^ertn^  —  SmHli  braneliM  from  ▼Mriooi  tnm,  jan  or 
Inrj^n  buttlM  cuotMning  water,  tiaotura  of  kxttM^  qiirit 

Unips. 

It  is  now  past  ini<lwiuter  and  the  trees  have 
been  <'xpos('.l  for  maiiv  weeks  to  ull  the  severities 
of  our  northeni  climato.  Let  us  exuniiiie  braiK'hos 
of  some  of  them,  and  try  to  learn  what  tlie  trees 
bav«  been  doing,  or  whether  they  have  simply 
been  ^standing  it**  till  spring  should  arrive. 

Toa  can  readily  tell  whetbnr  the  branches  have 
grown  any  longer  or  the  bnda  any  larger  than  they 
were  in  the  autumn.  It  will  be  intereating  to  try 
whether  the  dormant  bnds  can  be  got  to  develop 
at  this  season,  several  weeks  sooner  than  their 
usual  time.  If  we  place  them  in  spring  conditions 
will  they  respond  as  though  it  were  really  gwingt 
Let  us  try. 

Set  a  ffw  branches  from  neighboring  trees — 
willows,  poplars,  apples,  etc.— in  jars  or  bottles  of 
water,  and  stand  them  in  a  warm,  sunny  room  at 
home  or  in  the  school  building;  COiange  the  water 
occasionally,  and  note  any  signs  of  life  which  be- 
come apparent  in  the  boda. 

Bring  in  fr*>sh  branches  from  time  to  time,  and 
i-emove  from  the  water  those  which  fkil  to  show 
a  satisfactory  response  t  >  tlie  new  conditions. 
Before  long  some  bads  will  begin  to  devdop, 
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Note  whether  the  bnd-eeales  leave  any  marks  or 
scan  behind  them  when  they  drop  off,  and  watoh 
to  Me  iHial  eadi  hod  beoomea.  Eqpedally  obetrve 
wheiher  a  kaf-bnd  limply  develope  into  a  leaf  or 
into  a  branch  bearing  <me  or  more  leayee*  Ckrant 
t  he  Dumber  of  leaves  which  afqjMar  on  the  branch 
which  develops  f  lom  one  bnd. 

Some  of  the  buds  may  develop  into  ehort 
branches  bearing  flowers  or  flower-clusters.  A 
leaf-hud  develops  into  a  branch  bearing  one  or  more 
f oliago-leaves ;  whoreas  a  flower-hud  or  fruit-hud 
l)ecome8  a  short  branch,  bearing  one  or  more  sets 
of  flower-ieaves  (sepals,  petals,  stamens,  cai'pels) 
initead  of  f oHage-leaves. 

A  flower,  then,  with  ite  italk  may  be  regarded  as 
a  qMeial  kind  of  braimh,  for  it  ocnnee  from  a  bod 
as  an  ordinary  braneh  doee,  and  its  flower-toayes 
correspond  to  the  foliage-leayes  of  a  common 
branch,  though  no  doubt  their  usee  (fanetkms)  are 
quite  different. 

In  watching  the  growth  of  the  bud,  you  will  not 
fail  to  notice  whether  the  leaves  grow — from  little 
loaves  when  they  first  appear  to  be  large  leaves — 
or  whether  they  merely  unfold. 

Record  the  date  at  which  some  particular  bud 
begins  to  tweU.  In  two  or  three  wedu  measnre 
the  length  of  the  new  branch  into  which  it  grew, 
and  ealonlate  how  mnch  it  increased  in  tooglh,  on 
an  average,  in  one  week— in  <me  day— in  one  hoor. 
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1.  Early  in  the  winter  we  may  begin  to  test  the  branches 
and  buds  of  trees,  to  find  whether  there  is  any  food  stored  in 
them  to  nourish  the  buds  in  spring  when  they  begin  to  grow, 
and  to  aHsist  in  the  formation  of  new  wood  and  bark  in  the 
older  parts  of  the  branches  and  in  the  main  stem.  Cut  off 
short  pieces  from  the  branch  ;  split  them  and  test  them  for 
starch  and  sugar.  Test  the  budr,  themselves  as  well  as  the 
stem  for  stored  food. 

2.  Near  the  close  of  the  winter,  but  before  the  buds  begin 
to  swell,  you  may  find  signs  of  activity  in  the  main  stem  and 
branches.  Pull  off  some  of  the  bark  and  test  the  juicy  layer 
under  it  by  taste,  and  in  other  ways.  This  part  of  the  stem 
and  its  branches  is  called  the  cambium  layer.  Examine  it 
again  later  in  the  season,  and  try  to  find  what  becomes  of 
the  food  materials  you  found. 


SPBING  LESSONS 


XXm.   THS  RSTDRN  OF  THB  BIRDS 

At  the  first  indication  of  the  approach  of  spring 
you  may  be  on  the  watch  for  the  return  ol  the 
earliest  of  the  feathered  songsters  who  last  aatmnn 
were  impelled  southward  by  a  strong  impulse 
which  nearly  all  our  wild  birds  feel  and  most 
obey.  While  yet  the  snow  overspreads  the  fidds, 
except  in  a  few  favored  q^ots,  we  may  wake  any 
bright  morning  to  hear  again  the  sweet  note  of 
the  Song  Sparrow,  the  more  monotonous  measure 
of  the  Junco,  or  the  cheerful  song  of  the  American 
Robin.  As  the  days  lengthen  and  the  sun-heat 
melts  the  snow  and  releases  the  ice-bound  streams, 
more  species  continue  to  arrive,  each  with  its  dis- 
tinctive song,  plumage  and  habits  of  life. 

I  am  sure  that  it  will  add  much  to  the  pure  and 
simple  pleasures  of  your  lives  to  learn  the  songs 
of  ike  birds — ^not  perhaps  weU  enough  to  sing  or 
whistle  them— but  at  least  to  pvint  iktan.  <m  your 
memory  so  dearly  that  you  ean  diatingniifli  all  the 
commoner  birds  by  their  notes. 

The  marke4  differences  in  the  |dumage^  size  and 
habits  of  the  species  will  soon  enable  you  to  dis- 
ttuguish  those  whioh  frequent  the  near-by  fliald% 
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trees  and  waters.  Of  course  these  are  not  all  birds 
of  song,  but  all  have  their  peculiar  calls  and  cries. 
The  school  library  should  contain  a  good  book  on 
birds,  with  descnptions  of  the  species  which  may 
be  found  in  your  region ;  and  there  may  be  a  bird 
lover  in  your  neighborhood  who  is  sufficiently 
well  acquainted  with  birds  to  give  j^ou  their  names 
from  your  deeoriptions.  If  these  means  fail,  the 
descriptions  may  be  sent  to  soii.e  authority  on 
birds,  who  will  be  glad  to  send  you  their  names. 
Be  carefnl,  however,  to  give  descriptions  which 
bring  out  the  distinctive  characteristios  of  each 
species. 

But  let  lae  beg  of  you  not  to  shoot  the  bird  to 
settle  the  question  of  its  name.  It  is  far  better 
that  you  should  never  know  the  name  than  that 
you  should  take  its  innocent  life.  Close  obser- 
vation and  patient  waiting  will  be  rewarded  in 
nearly  every  case  by  the  discovery  of  the  bird's 
identity ;  and,  if  not,  the  training  will  be  good  for 
you,  and  help  to  make  you  keener  of  eye  and 
steadier  in  purpose. 

As  (Spring  advances,  you  will  find  great  delight 
in  watching  the  hi^y  and  industrious  homo-life* 
of  the  birds  which  build  their  nests  in  your  neigh- 
borhood. You  can  induce  mmy  birds  to  set  up 
housekeeping  close  to  your  home  and  your  school, 
by  providing  nesting-places  for  them  in  the  way 
of  little  hou'^  made  of  old  boards  or  pieces  of 
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hollow  logs  set  up  on  tall  poles.  You  may  attra*?^^^ 
many  birds  too,  by  planting  trees  and  shrubs 
which  yield  fruits  agreeable  to  the  birds.  A  shal- 
low dish  set  on  top  of  a  pole  or  on  a  shelf  outside 
your  window,  and  supplied  with  water  occasion- 
ally, will  be  a  gi-eat  convenience  to  birds  as  a  place 
for  drinking  and  bathing. 

Every  day  you  will  leam  something  new  about 
their  ways,  as  you  watch  them  making  their  nests, 
hatching  their  eggs,  and  feeding  their  young ; 
and  you  will  find  that  nearly  all  these  birds  feed 
mainly  on  weed  seeds,  or  else  upon  the  various 
forms  of  msect  life.  Birds  thus  render  a  service 
to  the  country  which  can  only  be  stated  in  millions 
of  dollars.  "Were  it  not  for  the  birds,  destructive 
insects  would  certainly  multiply  so  rapidly  that 
the  annual  loss,  due  to  their  ravages  upon  our 
crops,  orchards  and  forests — ^which  is  now  very 
great — ^would  be  ^astly  increased. 

It  is  true  that  sometimes  a  fiock  of  birds  will 
make  a  run  upon  a  cherry  tree  or  a  fjrain  field, 
and  may  thus  cause  loss  to  a  sing  e  person, 
although  the  species  in  the  long  run  may  be 
worth  much  more  to  the  country  than  it  costs. 
The  Erglish  Sparrow,  however,  is  one  bird  for 
which  little  defence  can  be  made.  I  can  only  ask 
that,  in  destroying  these  sparrows  by  poisons  or 
otherwise,  care  may  be  taken  not  to  destroy  useful 
or  harmless  birds  of  other  species. 


AOBIOULTUBI  AND  KaTUBE  BtUDY 


Allowing  for  such  rare  exoeptions,  let  us  all  do 
our  part  to  protect  and  encourage  bird  life.  We 
can  thus  render  valuable  service  to  our  country, 
while  at  the  same  time  the  simple  and  gentle  lives 
of  the  bii-ds  will  help  to  sweeten  our  spirits  and 
divert  our  thoughts  from  the  cares  and  won-ies 
which  even  children  sometimes  feel.  r  ears 
will  gradually  become  more  aonsitive  tr  .^e  birds' 
songs  and  other  soothing  influences  of  nature 
throng  which  the  kind  Father  of  all  life  would 
speak  peace  to  troubled  hearts. 

In  the  spiing-tune,  too^  many  wild  things,  from 
the  clumsy  toad  to  the  graceful  deer,  which  have 
solved  with  more  or  less  success  the  problem  of 
existence  in  the  wmter  without  migration,  will 
emerge  from  retirement  to  play  their  parts  in  the 
drama  of  life.  Let  me  bespeak  from  you  a  gener- 
ous treatment  of  these  defenceless  wild  creatures. 
The  world  would  be  a  much  less  interesting  home 
for  man  without  Ihem.  We  want  our  country  to 
be  well  cultivated  and  productive,  but  we  can 
surely  spare  a  little  space  and  a  little  food  for 
our  lowlier  brethren  of  the  wild. 

"  He  prayeth  best  who  loveth  best 
All  tiiingB,  both  great  vni  small ; 
For  the  dear  God  who  loveth  lu, 
He  made  and  lo>dth  all." 
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XZnr.   TBB  SBED  AND  THE  UTTLB  PLAHT 
WITHIN  IT 

Material. — Flower-pot  saucers,  table  plates,  pieces  of  blot- 
ting paper  or  flannel,  flower-jKits,  shallow  wooden  boxes, 
garden  soil,  a  collection  of  seeds — some  large  and  some  small, 
including  beans  and  grains  ot  com. 

In  the  latter  part  of  March  or  early  in  April, 
soak  a  few  beans  and  grains  of  com,  and  place 
them  between  damp  pieces  of  blotting  paper  or 
of  woollen  cloth  in  a  flower-pot  saucer  or  talde 
plate,  and  cover  the  whole  with  a  shalW  dish 
inverted  over  the  cloth  or  paper.  Beeord  the 
number  of  each  kind  of  seed  used,  so  that  yon 
can  calculate  the  percentage  of  good  seeds.  Ke^ 
the  dishes  in  a  warm  place  and  add  water  from 
time  to  time  to  keep  the  paper  or  doth  moist 

Wb  c  %id  the  seeds  are  beginning  to  ger- 
minat  some  more  beans  and  grains  of  com 

for  a  day  or  two,  until  the  seed-coat  or  seed-case 
can  be  easily  removed  from  the  seed.  Examine 
the  germinating  beans  to  see  at  what  point  the 
root-end  of  the  growing  plant  emerges  from  the 
seed-ooat.  Find  the  same  (dace  in  a  dry  bean. 

When  the  young  bean  plant  has  entirely  escaped 
from  the  seed-coat,  examine  it  again  with  onre.  It 
shookl  have  a  pair  of  thin  veiny  leaves,  a  d«Hrt 
stem  upon  wMch  Uiese  leaves  grow,  a  pt^  of 
thiek,  fleshy  otgum  bslow  the  pair  of  thin  kavvs, 


88  AUUICULTUBE  AND  NaTUBE  StUDY 


and  a  continoation  of  the  stem  below  these, 
tenniiiatiiig  in  a  root-like  pari  The  two  fleahy 
organs  grow  on  the  same  stem-like  part  as  the 
two  thin  leaves,  so  we  must  classify  them  also 
as  leaves— the  first  or  lowest  pair  of  leaves.  The 
root-like  part  of  the  little  plant  will  soon  bear 
root-hairs.  We  have  here  then  a  complete  plant 
with  all  the  organs  of  vegetation  —  stem,  leaves, 
root  and  root-hairs. 

Now  remove  the  ooat  from  a  recently  soaked 
bean,  taking  eare  not  to  break  or  injure  anything 
inside  the  coat  Note  that  the  body  whidi  yon 
have  left  in  your  hand,  after  removing  the  coat-, 
has  all  its  parts  connected  together.  Yon  wiU  find 
the  two  thick  leaves,  the  shoi-t  stemlet  from  which 
they  grew  and  with  which  they  are  still  connected, 
bent  up  against  their  edges.  Part  them  slightly 
or  break  one  of  them  off,  and  you  will  find  two 
thin  leaves.  Evidently  the  free  end  of  the  stemlet 
develops  into  the  first  or  primary  root  upon  which 
a  little  later  the  root-hairs  form.  So  we  have 
found  in  the  seed  of  the  bean,  before  germination 
has  began  at  all,  a  complete  but  nndev^ped 
beui  idant)  with  a  stem  bearing  four  leaves,  and 
at  tlie  free  end  of  the  stem  the  possibiUty  of  a 
root 

This  little  plant  contained  in  the  seed  is  known 
OS  the  emhryOj  but  we  will  call  it  for  the  present 
the  geedi^mUet.  The  two  thick  leaves  are  called 
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the  ieed'leave$f  because  they  are  the  prinoipal 
leaves  of  the  seed-plantlet.  The  two  thin  learee 
are  not  called  seed-leaves,  although  they  also  are 
leaves  of  the  seed-plantlet,  but  from  their  resem- 
blance to  a  little  plume,  they,  with  the  giowing 
point  between  them,  are  together  called  theplumuh. 
There  are  two  leaves  then  in  the  one  plumule. 

It  is  clear  that  the  seed  of  a  bean  is  made  up 
of  two  parts — the  seed-coat  and  the  seed-plantlet 
which  fills  the  seed-coat,  and  that  the  seed-plantlet 
is  made  up  of  four  luives  and  the  tms  to  which 
they  are  attached.  We  call  the  axis— as  it  appears 
before  germination— the  tiewUetf  because  it  bears 
the  four  leaves,  and  the  free  mdi  of  it  has  not 
yet  developed  into  an  evident  root. 

In  a  former  experiment  we  found  a  carbohydrate 
(starch)  and  a  proteid  (legnmin)  in  a  bean  seed. 
These  two  substances  must  be  mainly  stored  up 
in  the  thick  seed-leaves  of  the  seed-plantlet.  This 
would  seem  to  account  for  the  rapid  growth  of  the 
plantlet  at  first. 

Set  out  some  of  the  germinating  beans  in  a  good 
soil  in  flower-pots  or  boxes.  Keep  them  warm 
and  moist  and  watch  thdr  continued  growth. 
Also  plant  some  dry  beans. 

Examine  a  soiled  grain  of  eom  as  yon  did  the 
bean.  Bemove  the  little  body  lying  in  one  side 
oi  the  grain — the  body  which  you  know  as  the 
gmik   It  is  haider  tium  the  rest  of  the  soaked 
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gnin,  not  haviDg  abtorbed  w»tor  to  fraaly.  Oom- 
pare  it  with  the  young  oom  plant  you  obtained 

by  germination. 

It  will  soon  appear  that  this  germ  is  a  little  com 
pluut.  The  slender,  straight,  stem-like  part  which 
lies  in  the  middle  of  the  flatter  side  of  the  germ  is 
the  axis  or  stemlet.  The  top  end  of  the  stemlet  is 
the  plumule,  which  you  will  see  soon  produces 
foliage-leaves,  while  from  the  lower  end  of  the 
stemlet  the  root  strikea  oat  The  broad,  fleahy 
part  of  the  germ,  in  the  face  of  which,  the  atemlet 
lies,  must  be  the  aeed-lettf^  and  corresponds  to  one 
of  the  thick  leaves  of  liie  bean  seed-plan tlet 

The  seed-plantlet  of  Indim  com  has  but  one 
seed-leaf,  and  its  plumule  shows  at  first  no  distinct 
leaves  to  correspond  with  the  two  leaves  of  the 
bean  plumule.  In  the  bean,  the  seed-plantlet  fills 
the  seed-coat,  so  there  is  no  food  stored  in  the 
seed  outside  of  the  seed-plantlet ;  but  in  the  grain 
of  com  the  seed-plantlet  occupies  only  the  smaller 
part  of  the  grain.  Examine  the  large  mass  of 
stored  food  which  occupies  the  interior  of  the 
grain  outside  of  the  germ  or  seed-plantlet  In  the 
case  of  the  bean,  the  food  was  stored  in  the  two 
fleshy  leaves  of  the  plantlet  itself,  but  in  the  com 
most  of  the  food  is  outside  of  the  seed-plantlet 

Tou  win  recollect  that  we  found  some  time  ago 
that  the  germ  of  Indian  com  contains  much  oiL 
This  is  food  stored  iq>  in  the  plantlet 
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Plaut  grains  of  com  in  pott  or  boant  of  oartib, 
and  follow  the  development  of  the  young  pUmti 
for  sereral  weeks. 

The  leeds  of  olorer,  tornipei  etc,  are  eo  nnall 
that  we  cannot  see  plainly  the  little  plants  in 
them,  though  we  beneve  they  are  there.  This 
difficulty  is  easy  to  overcome.  You  have  only  to 
place  the  seeds  in  conditions  favorable  to  germina- 
tion, when  the  seed-plantk  ts  will  bui-st  the  seed- 
coats,  and  will  soon  be  sufficiently  large  for  you 
to  see  them  and  their  organs  quite  plainly. 

Compare  these  little  seed-plaiitlets  with  those 
of  the  bean  and  the  Indian  corn,  and  note  whether 
they  have  one  or  two  seed-leaves ;  also  observe  in 
which  of  the  seed-plantlets  the  new  leaves  are 
arranged  in  pairs,  and  in  which  tiiey  are  alternate, 
one  above  another. 

From  theee  studies  we  must  condnde  that  ever 
perfect  seed  contains  a  little  plant  and  that  the 
parent  plant  lays  up  a  store  of  fo"''  for  tl  i^eed- 
plantlet,  either  in  the  plantlet  itseli  ^r  in  the  seed 
outside  of  the  plantlet,  or  in  both  situations.  It  is 
now  plain  that  it  is  not  the  seed  which  grows  but 
the  little  plant  within  the  seed. 

KKHtOHBS 

1.  Grow  in  poto  or  shallow  boxes,  from  tested  aeeds,  some 
of  the  common  garden  plants,  such  as  tomatoes,  cabbages, 
lettuce,  cucumbers,  pansies,  asters,  etc.,  to  be  set  cut  in  the 
adiool  or  home  garden. 
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2.  Place  some  potato  tubers  in  «  warm  oloMt  or  box  (to 
represent  a  cellar);  others  in  a  warm  room  exposed  to  the 
sunlight.  In  two  or  three  weeks  inspect  them,  and  decide 
from  the  results  which  is  the  better  way  sfuroutiiig  potatoes 
for  early  planting. 


XXV.    THE   SEASONAL  CHANGES  OF  SPRIHO— 
SPRING  CALENDAR 

xVs  soon  as  the  first  retuniiug  bird  appears  you 
should  begin  a  Nature  Calendar  for  spring.  In  it 
record  the  Tarious  events  and  changes  which  mark 
■the  approach  and  progress  of  spring. 

The  birds  asad  early  flowers  of  spring  will  be 
especially  attractive  to  newly  everyone.  In  early 
spring  many  birds  frequent  the  trees  and  fields 
near  our  homes  for  a  while  before  they  set  up 
housekeeping  in  woods  and  retired  places. 

In  many  parts  of  the  country  the  groves  and 
forests  are  veritable  flower  gardens  during  the 
greater  part  of  the  month  of  May.  Any  one  who 
has  any  appreciation  of  natural  beauty  should 
delight  to  learn  something  of  the  habits  of  these 
wild  plants  of  spring,  and  find  out  theii*  names. 
I  hope,  however,  you  will  not  pull  them  up  rath- 
lessly,  but  spare  them  to  beautify  the  earth  for 
succeeding  generations.  I  ma  moved  to  remind 
you  of  this,  because  already  in  some  distriots— 
especially  in  the  vicinity  of  towns  and  villages— 
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all  these  beautiful  plants  have  been  practically 
exterminated. 

I  will  enumerate  here  some  of  the  features  of  the 
spring-time  which  are  worthy  of  notice  and  of 
record  in  your  calendar :  The  change  in  length  of 
the  shadow  of  some  definite  object — to  be  recorded 
once  eveiy  few  weeks  at  the  same  hour  of  the 
day;  the  temperature  of  the  air  at  a  cei'tain  hour — 
entered  once  a  week;  the  length  of  the  day  (from 
sunrise  to  sunset)  as  recorded  in  the  almanac— 
once  a  week;  the  disappearance  of  snow  from  the 
fields  and  ice  from  the  streams ;  sudden  changes  of 
weather;  the  first  appearance  of  different  species 
of  migratoiy  birds,  the  dates  of  their  nesting,  and 
the  period  of  hatching;  the  time  when  sap  begins 
to  run  in  the  trees,  and  the  buds  to  swell;  the 
dates  of  the  blossoming  and  leafing  of  the  trees 
and  shrubs  in  woods  and  orchards ;  the  blooming 
of  early  spring  flowers;  the  dates  of  sowing  the 
different  garden  and  field  seeds,  and  the  first 
appearance  of  the  plants  above  ground;  what 
kinds  of  plants  suffered  from  (spring  frost,  with 
dates. 

1.  How  moch  IfHignr  u  the  time  <d  daylight  {hma  rauvkw 
to  sunset)  on  June  1st  than  on  April  Ist? 

2.  How  much  longer  or  shorter  is  your  shadow  at  noon  on 
Tuue  2l8t  thau  on  March  21sif   AcAOttttt  for  the  faet 

3.  Ho#do  you  ezplaiii  tho  gfad«^  riw  in  «he  tenpemtnre 
daring  the  qMfiag  months  f 
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4.  How  is  it  that  the  buds  of  trees  and  the  early  flowering 
plants  can  develop  so  rapidly  in  sprinj^  while  the  soil  is  yet 

quite  cold  1 

5.  What  trees  or  shrubs  were  in  bloom  on  the  day  yen 
sowed  your  first  carrots,  beets,  peas,  com  ? 

6.  What  trees  in  your  neighborhood  blossom  before  their 
leaves  expand  ? 

7.  Find  one  or  more  trees  (or  shrubs)  in  which  the  pollen- 
bearing  flowers  (staminate  flowers)  and  the  seed-bearing  flowers 
(pistillate  flowers)  are  in  separate  clusters  on  the  same  tree, 
and  one  or  more  in  which  they  are  in  separate  dustors  on 
separate  trees. 

8.  Find,  by  observation,  when  the  trees  are  in  bloom, 
whether  their  blossoms  are  pollinated  by  insects,  or  whether 
Uees  depend  <m  tiie  wind  to  ctmvey  pollen  trma  the  stamens 
to  the  pistils. 


XXVI.    THE  SCHOOL  GARDEN 

School  gardoiing  is  gradually  becoming  a  very 
useful  feature  of  school  life.  It  affords  an 
agreeable  change  from  the  book  and  desk  work 
which  prevails  throughout  the  cold  months.  The 
knowledge  and  training  to  be  gained  in  the  school 
garden  is  certainly  no  less  healthy  and  useful  than 
the  results  of  the  indoor  studies.  So  I  hope  youi* 
school,  if  it  is  not  already  provided  with  a  school 
garden,  will  make  a  beginning  this  spring,  if  only 
with  a  small  plot  a  few  square  feet  in  area. 

As  soon  as  Uie  soil  is  dry  enough)  haye  it 
thoroughly  cultivated  with  plough  and  hanow,  or 
else  with  a  spade  and  rake.  A  soffieient  quantity 
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of  good  old  manure  should  be  worked  in  at  the 
same  time,  and  the  rootstocks  ot  ooudi-graBS  and 
other  weeds  carefully  removed. 

If  the  garden  area  is  large  enough^  the  ground 
should  be  laid  out  in  plots  upon  some  definite  plan. 
Four  feet  by  eight  or  ten  feet  is  a  good  size  for 
sin^e  plots  to  be  cultivated  by  individual  pupils; 
bat  if  space  is  quite  limited,  several  pupils  may 
undertake  the  joint  cnlliYatloii  of  one  plot  WaUa 
at  least  two  feet  wide  should  be  left  between  the 
plots. 

ilower  seeds  may  be  sown  at  the  ends  of  the 
plots  with  vegetables  between,  or  the  flowers  may 
be  grown  in  mparate  plots,  with  the  vegetable  plots 
arranged  S3mmietrically  about  them.  Perennial 
flowering  plants  may  be  grown  along  the  borders 
of  the  garden,  or  in  central  or  comer  plots.  The 
arrangement  of  the  plots  and  plants,  however, 
should  be  determined  by  the  tastes  of  the  gardeners, 
and  the  size  and  shape  of  the  groimd. 

As  a  rule,  the  plots  should  not  be  raised  mnch 
above  the  level  of  tiiewalkk  The  s(»],  partieiilarly 
near  the  boiden  U  the  i^t%  does  not  become  m 
parohed  during  droai^  nnder  levd  culture. 

ThB  eatalogfiet  Israed  by  seedsmen  will  give  i^B 
necessary  information  as  to  the  time  for  sowing 
the  seeds  of  different  plants,  the  depth  and  distance 
of  sowing,  and  so  forth.  The  larger  seeds  as  a  rule 
should  be  covered  more  deeply  than  small  ones. 
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The  very  smallest  ones  may  be  sown  on  the  snr- 
face,  and  thinly  covered  by  fine  eoil  sifted  over 
them  by  hand. 

The  soil  immediately  above  the  seeds,  but  not 
between  the  rows,  may  be  pressed  down  with  a 
narrow  board  or  with  the  back  of  a  hoe.  This 
brings  the  soil  into  close  contact  with  the  seeds, 
so  that  they  can  draw  moisture  from  it  more 
readily. 

Soon  after  the  garden  seeds  are  sown,  wild  plants 
— ^weeds — will  begin  to  appear,  perhaps  before  the 
you  sowed  have  germinated.  These  weeds, 
if  allowed  to  grow,  will  rob  the  garden  plants  of 
food  and  water,  cut  off  i^uch  of  the  sunlight  and 
hinder  the  circulation  of  the  air.  You  can  easily 
show  the  effect  of  weeds  by  allowing  them  to 
grow  in  a  small  plot  in  which  garden  seedai  have 
been  planted. 

The  weeds  are  easily  kept  down  if  they  are 
never  allowed  to  make  much  headway.  Go  over 
the  soil  between  the  rows  often  with  a  hoe  or  rake. 
This  frequent  cultivation  will  root  up  the  weeds 
that  have  come  up,  and  bring  many  that  are  just 
germinating  to  the  surface,  where  they  will  dry  up 
and  die.  If  the  spaces  between  the  rows  are  as 
wide  as  a  narrow  garden  rake,  or  widor,  the  soil 
between  the  rows  can  be  cultivate  ve^y  rapidly 
with  a  rake  to  the  depth  of  two  or  three  inches. 
Some  of  the  weeds  in  the  rows  may  be  taken  out 
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with  a  hoe  or  a  weeder,  bnt  some  of  th^  mmt  be 

removed  by  hand. 

Thin  the  garden  plants  out  to  the  proper  distance 
apart  as  soon  as  they  are  large  enough.  Some 
vegetables  may  be  only  partially  thinned  at  first, 
uiid  when  large  enough  for  table  use,  part  of  them 
may  be  taken  lor  food,  leaving  the  intermediate 
plants  to  grow  on. 

The  frequent  stirring  of  the  soil  with  hoe  or  rake 
serves  another  purpose  quite  as  important  as  the 
killing  of  the  weeds.  The  loose  layer  of  eartli 
formed  by  lakixig  or  hoeing  the  soil  hmders  the 
water  from  escaping  from  the  soil  underneath,  and 
ke^  it  there  to  be  absorbed  by  the  tiny  rootlets 
and  root-hairs  of  the  plants. 

Were  it  not  for  the  loose  earth  mulch  formed  by 
the  rake,  the  water  would  evaporate  into  the  air  so 
fast  that  the  soil  about  the  roots  would  beome 
very  dry  and  the  plants  would  suffer  gi-eatiy  from 
want  of  water,  and  of  course  would  be  retarded  in 
their  growth.  To  demousti-ate  this,  keep  a  small 
plot  free  from  weeds,  but  do  not  cultivate  it  at  all 
Compare  the  gi  owth  of  the  plants  in  Ihis  plot  with 
those  in  a  well-onlliTated  plot  close  by.  We  wiS 
try  to  expli^in  latear  haw  the  loose  earth  mnleh 
hinders  the  water  from  evapfmiting  from  the  sdl 
below. 

The  stirring  of  the  (surface  soil  answers  the  same 
purpose  as  watering,  so  that  we  may  be  said  to 
7 
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water  the  garden  with  the  hoe  or  rake.  Indeed,  if 
we  stir  the  surface  once  or  twice  a  week,  there  will 
be  little  or  no  need  for  watering,  unless  the  weather 
is  exceedingly  dry. 

If  any  of  the  seeds  fail  to  grow,  sow  others  in 
tlieir  places.  If  early  vegetables  are  used  before 
midsummer,  a  second  crop  may  be  grown  on  the 
same  ground;  in  this  way  all  the  availaiUe  area 
win  be  oooapied  throo^out  the  season. 

If  any  of  your  plwits  are  attacked  by  insects  or 
diseases,  try  to  find  by  inquiry  or  by  consulting 
books  or  agricultural  bulletins  tiie  proper  remedies, 
and  apply  them  in  good  time.  Above  all,  keep 
your  garden  free  from  weeds  to  the  very  last 

If  you  thus  tend  your  gaixien  during  the  spring 
months,  and  arrange  for  its  cultivation  during  the 
summer  vacation,  you  will  be  surprised  and  fully 
rewarded  to  see  how  the  plants  have  responded  to 
your  care — each  kind  in  its  own  way.  Your  garden 
before  summer  has  ended  wiU  be  a  mass  of  verdure 
and  bloom,  deligLtful  to  look  upon.  You  may 
gather  from  your  plot  fresh  juicy  vegetables  for 
the  home  table  <ff  that  of  a  neighbor  who  has  no 
garden,  and  flowers  for  a  Mend  or  for  a  poor 
invalid  who  would  be  helped  by  your  i^rmpathy 
expressed  in  this  practical  way. 

In  the  autumn,  after  the  crop  has  been  removed, 
the  garden  should  be  manured,  uid  eith^  plouj^ed 
or  spaded  to  a  sufficient  depth. 
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Window  and  Flower-Pot  Gardening.    In  ease  your 

school  has  no  gi'ouiid  available  for  a  gaMen,  not 
even  for  a  class  plot,  you  will  havo  to  confine 
yourselves  to  window  and  flower-pot  gardening. 
Much  interesting  and  instructive  work  can  be 
done  in  window  boxes,  or  in  flower-pots  set  on 
cheap  stands.  Bulbs  and  other  flowering  plants 
aad  ferns  may  be  grown,  and  will  add  much  to 
the  attractivenees  of  fJie  schoolroom  and  hall- 
ways. Specimens  of  grains  and  of  the  common 
garden  yegetables  should  be  grown  also.  Mnch 
may  be  learned  about  their  habits  and  capabili- 
ties by  varying  the  conditions  of  light,  heat  and 
moisture. 


XXVI.   THB  MAKHTG  AHD  TRAHSFERENCB  OF 
STARCH  nr  PLAMTS 

(Pot  •  Mgkt  warn  da^  ia  tk*  totter  put  of  Maj  or  in  Jane) 

MateriaL — Leaves  from  growing  shoots,  some  green,  some 
wholly  or  partly  white,  Fehling's  solution  if  available,  iodine 
soluticm,  test  tabes  or  eiuundled  cups,  spirit  kmps,  fresh 
stalks  of  gra^s,  potatoes  with  long  white  diootB  sproated  in 
a  cellar  or  in  a  dark  box. 

In  the  afternoon,  shortly  before  sunset|  gather 
a  few  green  leaves  from  rapidly  growing  plants? 
which  have  been  exposed  to  the  light  of  th'  sun 
since  morning.   Nasturtium  and  Sweet  Pea  .ei^yip 
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answer  well  for  the  following  experiments,  but  you 
should  try  others  also.  Boil  the  leaves  in  -water  at 
once,  and  soak  them  in  ordinary  alcohol  till  the 
leaf-gi-een  is  nearly  or  quite  extracted.  You  may 
heat  the  alcohol  to  hasten  the  process,  but  if  you 
do,  be  careful  not  to  set  it  on  fire.  The  leaf  will 
gradually  become  nearly  white. 

Pour  off  the  alcohol  and  cover  the  leaves  with 
iodine  solution.  If  the  leaves  turn  blue  or  blue- 
blaok  in  color  you  must  infer  that  they  contain 
starch,  and  this  is  the  rosult  you  will  obtain  if  you 
perform  the  experiment  at  the  "proper  time,  and 
in  the  right  way.  Repeat  the  experiment  if  your 
results  are  not  decisive. 

Collect  early  in  the  morning  some  leaves  from 
the  same  plants,  and  keep  them  in  a  dark  box  or 
closet ;  or  better,  cover  the  whole  plant  with  a  box 
till  later  in  the  day  when  you  are  ready  for  the 
next  experin  at.  Tlien  treat  the  leaves  just  as 
you  did  those  which  were  gathered  in  the  evening. 
You  should  find  that  they  do  not  turn  blue,  as  did 
the  other  leaves. 

These  leaves,  like  the  others,  no  doubt  contained 
plenty  of  starch  in  the  evening  before  you  gathered 
ihem.  It  must  be,  then,  that  the  green  leaves 
make  starch  in  the  daylight,  and  that  the  starch 
disappears  from  them  in  the  darkness. 

Find  a  leaf  which  is  wholly  or  in  part  white, 
and  test  it  for  starch  after  boiling  it  in  water. 
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You  must  conclude  that  both  leaf-green  and 
light,  as  well  as  the  heat  required  for  the  activity 
of  the  plant,  are  necessary  for  the  makiiig  of 
stardi  in  leaves,  and  presumably  in  the  other 
green  parts  of  plants. 

Now  we  have  found  that  starch  disappears  from 
the  leaT.ja  in  the  night.  We  have  shown  also 
that  starch  is  stored  up  in  tubers,  seeds  and  other 
organs.  Indeed,  starch  appears  to  be  the  principal 
form  in  which  carbohydrates  are  stored  as  food. 

As  the  parts  in  which  it  is  stored  are  devoid  of 
leaf -green,  the  starch  could  not  have  been  made 
in  the  organs  in  which  it  is  stored.  It  must  have 
been  transferred  from  the  leaves  to  the  storage 
organs ;  but  we  found  when  we  analyzed  a  potato 
that  the  starch  was  not  soluble  in  the  watery  sap 
or  juice.  It  is  dear,  tiien,  that  starch  made 
within  the  leaves  must  be  changed  into  some  form 
which  will  dissolve  in  oold  watw,  for  the  solid 
staioh  could  not  pass  timnij^  the  plant  from  oob 
part  to  another. 

Starch  is  a  carbohydrate  insoluble  in  cold  water. 
Sugar  is  a  carbohydrate  which  dissolves  readily  in 
cold  water.  Now  we  find  that  sugar  is  present 
in  green  plants  where  growth  is  going  on.  In 
the  spring,  when  growth  is  about  to  begin  in  trees, 
the  sap  is  sweet  with  sugar.  Pull  a  growing  stalk 
of  grass  in  two;  chew  the  tender  white  part  of 
the  stem  where  growHi  is  taking  place.   Test  tiie 
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sprouts  of  a  potato  with  iodine  solution  and  with 
Fehling's  solution,  if  available.  The  sprouts  may 
be  cnt  into  nnall  pieces  and  boiled  in  water,  and 
the  Uquid  poured  off  and  tested  as  in  praykms 
experiments.  Yon  may  find  sugar  present.  The 
material  for  making  the  sngar  eame  oat  of  the 
taber.  These  with  other  faets  -which  yon  can 
easily  discover,  point  strongly  to  the  oondmion 
that  the  starch  formed  in  the  leaves  is  transported 
from  them  to  other  parts  of  the  plant  in  the  form 
of  sugar. 

If  the  sugar  is  not  used  it  may  turn  into  starch 
again,  as  when  starch  made  in  the  leaves  of  the 
potato  plant  is  conveyed  down  the  stalks  in  the 
form  of  sugar  into  the  tubers,  where  it  is  recon- 
verted into  starch,  which  forms  about  80  per  cent, 
of  the  dry  matter  of  a  potato  tuber. 

If  you  leave  some  tubers  K  a  dark  box,  Kttle 
tubers  will  be  formed  on  the  white  stems.  If  yon 
test  these  little  tubers  tw  starch  you  will  find  a 
good  proof  that  sugar  can  be  chai^M  into  stardb 
by  1  lants. 


1.  Write  out  in  y*.  ir  own  words  an  argument  to  prove 
.  that  green  leaves  make  starch  in  the  day-time. 

2.  Argue  that  a  plants  or  at  least  some  plant*,  can  change 
•tundi  into  sngar. 

3.  Give  prooii  that  lagar  can  be  dumged  bade  into  standi 
in  a  {dant. 
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XJVin.    WHAT  PLANTS  MAKB  STARCH  OUT  OP 

(For  «  i>right  dnj  Ute  in  Maj  or  in  Juno) 

Material. — Several  wide-mouthed  bottlett,  such  M  piokle- 
bottlee  or  milk-bottles,  a  pail  of  water,  aaucers  or  ghus 
nappiw,  tepm  or  candles,  freih  leafy  shoots  from  rapidly 
growing  plimtab  *  potted  plaat  wUdi  hM  wilted  lor  Imck 
of  water. 

Water  thoroughly  the  roots  of  a  potted  plant 
whose  leaveB  have  wilted  for  lack,  of  water.  Do 
not  put  any  water  on  the  leaves.  Also  set  some 
shoots  with  wilted  leaves  in  a  vessel  of  water. 

Hold  a  wide-mouthed  bottle  mouth  down,  and 
push  a  burning  taper  or  a  small  candle  up  into  it 
a  little  way.  When  the  flame  dies  out,  cover  the 
mouth  of  the  bottle  with  your  band.  Turn  it 
moul^  up,  and  Aake  a  little  lime-water  throu^ 
the  gas  in  the  bottle.  Evideiitly  the  eaiidle  con- 
tains earbcHi  idikh  in  bimihig  nidtes  with  the 
oxygen  of  the  air  in  the  bottle  to  finrm  enough 
carbonic  acid  gas  to  i»rod«oe  the  observed  effect 
on  the  lime-water. 

Ebse  the  bottle  and  bum  the  taper  in  it  agun 
till  the  flame  is  extinguished.  Put  up  into  the 
bottle  a  leafy  shoot  from  an  actively  growing 
plant.  Push  the  burning  candle  up  a  short  dis- 
tance into  the  bottle  beside  the  shoot,  and,  as  soon 
as  the  flame  dies  out,  promptly  stand  the  bottle  with 
its  mouth  down  in  a  dish  wbidi  eontains  enough 
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water  to  "eal  the  mouth  of  the  bottle  and  keep  the 
gas  iniide  from  mixing  with  the  air  outside. 

Prepare  two  other  bottles  in  exactly  the  same 
manner.  Set  two  of  these  bottles,  with  the  dishes 
in  which  they  stand,  in  or  close  to  a  sunny  window, 
and  set  the  other  in  a  closet,  or  eaver  it  with  a 
box,  to  shut  out  the  light. 

Bui'n  a  taper  in  a  fourth  bottle  till  the  flame 
dies  out  for  lack  of  oxygen,  and  set  this  bottle 
mouth  down  in  a  dish  of  water,  but  do  not  put 
a  leafy  shoot  into  it.  Set  this  bottle  also  in  a 
sunny  window.  All  these  things  should  be  done 
in  the  forenoon  as  eaiiy  as  convenient. 

Before  school  closes  in  the  afternoon,  finish  the 
e:q[>erunents  begun  in  the  morning.  Take  one  oi 
the  bottles  set  in  the  sanli|^t  with  a  leafy  shoot 
in  it,  dish  and  all,  and  lower  the  dish  and  bottle 
into  a  pail  of  water.  Let  the  dish  sink.  Put  your 
hand  down  into  the  pail  of  water  and  pull  the 
leafy  shoot  down  out  of  the  bottle,  taking  care 
not  to  allow  any  air  to  enter  the  bottle.  Cover 
the  raouth  of  the  bottle  with  your  hand,  raise  it 
out  of  the  water,  tuiii  its  mouth  up,  and  shake 
lime-water  through  it. 

If  you  have  performed  the  experiment  success- 
fully you  will  be  forced  to  conclude  that  the  carbon 
dioxide,  which  was  produced  in  the  bottle  by  burn- 
ing the  taper  in  it,  must  have  been  taken  up  or 
absorbed  by  some^ting. 


Place  the  bottle  which  had  no  plant  in  it  wifh 
its  mouth  in  the  pail  of  water.  Let  the  dish  drop, 
turn  the  bottle  mouth  up  with  your  hand  upon  its 
iiM>uthf  and  shake  lime-water  up  and  down  through 
it  The  Hme-water  will  become  milky  in  appear- 
100.  You  can  now  show  whether  it  was  the  leafy 
shoot  in  the  first  bottle  or  the  water  which  took 
up  the  carbonic  acid  j?as. 

Take  the  plant  out  of  the  other  bottle  which 
was  set  in  the  light.  In  doing  so,  proceed  as 
with  the  first,  so  as  to  admit  no  air.  Raise  it 
till  its  mouth  is  out  of  the  pail  and  quickly  try 
to  bum  the  taper  in  it.  Recollect  that  the  taper 
would  not  burn  in  it  when  you  set  it  in  the  sun- 
light. When  the  taper  ceases  to  bum,  shake 
lime-water  through  again.  How  do  you  explain 
the  result  of  this  experiment  t 

We  turn  next  to  the  bottle  set  in  darkness.  0  et 
the  leafy  shoot  out  of  it  as  you  did  out  of  the 
otha«,  and  test  the  gas  in  the  bottle  with  lime- 
water.  The  result  will  show  whether  the  leaves 
in  this  bottle  took  up  the  carbonic  acid  gas. 

Let  us  now  try  to  interpret  all  the  facts  brought 
out  in  these  experiments.  It  seems  that  green 
If^aves  on  a  growing  shoot  take  in  during  the  day- 
time carbonic  acid  gas  from  the  air  around  them, 
but  that  this  process  ceases  when  the  plant  is  in 
darkness,  that  is,  in  the  night. 

Think  ot  this  in  conuection  with  our  previous 
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conclusion,  that  green  leaves  make  starch  in  the 
day-time,  but  not  at  night.  It  seems  that  the 
leaves  are  absorbing  carbon  dioxide  at  the  same 
time  that  they  are  making  starch,  and  at  night 
when  they  are  not  making  starch  they  cease  to 
absorb  carbon  dioxide.  In  other  words,  the  de- 
mand for  carbon  dioxide  ceases  when  the  starch- 
making  ceases. 

This  looks  as  though  the  carbon  dioxide  is  used 
in  making  the  starch,  and  this  might  well  be,  for 
carbon  dioxide  contains  ca-'bon,  and  starch  con- 
sists of  carbon  and  water.  The  carbon  dioxide 
might  yield  the  carbon  necessary  to  produce  starch, 
but  it  contains  no  water.  The  water  for  starch- 
making  must  be  obtained  from  some  other  source. 

Look  at  the  plants  whose  roots  we  watered 
this  morning,  and  the  shoots  whose  leaves  were 
withered.  Probably  by  this  time  the  limp,  helplest^- 
looking  leaves  have  straightened  up,  and  are  now 
quite  firm  and  vigorous  in  appearance.  We  know 
that  there  is  water  in  the  juice  of  leaves;  but  the 
water  applied  to  the  roots  could  certainly  not  make 
the  leaves  firm  and  plump  again  unless  it  bad 
ascended  the  stem  and  footstalks  and  entered  the 
blades  of  the  leaves. 

If  leaves  take  in  any  water  at  all  from  the  air, 
it  cannot  be  much,  for  it  does  not  keep  the  leaves 
from  wilting ;  but  if  water  be  applied  to  the  roots 
it  soon  restores  the  wilted  leaves.    This  shows 
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why  the  rootlets  require  root-hairs.  The  root- 
hairs  have  such  thin  walls,  and  are  so  numerous, 
that  they  must  absorb  water  faster  than  rootlets 

could. 

We  have  just  argued  that  leaves  obtain  the 
carbon  for  starch-making  from  the  carbon  dioxide 
taken  in  during  the  day-time,  and  now  we  see 
that  leaves  obtain  much  water  which  is  carried 
up  the  stem  to  them  from  the  roots.  It  is  ex- 
tremely likely,  then,  that  green  leaves  make  starch 
out  of  the  carbon  of  carbonic  acid  gas,  chemically 
united  with  water  which  was  absorbed  by  the 
rootlets  and  root-hairs,  and  asoraded  the  st^  to 
the  leaves. 

RecoUt  c  that  when  you  heated  starch  in  a 
closed  tube,  you  obtained  carbon  and  water  from 
the  starch.  The  leaves  do  not  take  in  free  carbon, 
but  carbon  dioxide,  which  consists  of  carbon  and 
oxygen.  They  only  need  the  carbon  of  this  gas 
and  not  its  oxygen  in  making  starch,  since  starch 
consists  of  carbon  and  watw,  not  of  carbon  dioxide 
and  water. 

This  explains  why  the  taper  wonld  bum  in  the 
bottle  in  which  the  leafy  shoot  had  been  1^  for 
several  daylight  hours.  The  leaves^  while  they 
were  making  starch  in  the  sunlight,  were  giving 
off  the  oxygen  of  the  carbon  dioxide,  from  which 
they  were  using  the  carbon  in  starch- making. 
The  leaves  then  must  break  up  the  carbon  dioxide. 
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for  they  use  its  carbon  in  making  staioh,  and  set 
its  oxygen  free.  The  oxygen,  or  part  of  it,  most 
be  exhaled  from  the  leaves  in  the  sunlight,  else 
the  taper  would  not  have  burned  in  the  bottle 

afterward. 

We  have  seen  that  the  staiv;:  in  plants  changes 
into  sugar,  so  we  may  say  that  plants  form  sugar 
as  well  starch  from  carbon  dioxide  and  water. 
Finally  we  may  claim  that  wood,  which  is  the 
most  lasting  of  the  three  carbohydrates  we  have 
found  in  plants,  is  produced  from  the  same  ma- 
terials as  the  other  two.  It  is  evident  that  plants 
make  for  themselves  all  Hie  starch,  sugar  and 
wood  they  contain,  for  neither  the  soil  nor  the  air 
contains  either  of  these  substances.  When  we 
consider  what  a  large  amount  of  wood  one  large 
tree  contains,  it  astonishes  us  that  this  one  plant 
should  have  been  able  to  produce  enough  starch 
or  sugar  to  form  such  an  immense  weight  of  wood. 

EXERCISES 

1 .  Write  out  in  your  own  words  your  i-easons  for  believing 
that  green  leaves  use  carbonto  acid  gas  and  wator  in  making 

starch. 

2.  Point  out  whether  it  is  correct  to  say  that  a  omuimcial 
starch  factory  makes  starch.    What  is  the  fact  1 

3.  Show  why  ianui  Mad  other  plants  need  meh  an  immense 
spread  of  leal  rarfaee. 
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Material. — ^Peai  and  sanflower  seeds  cr  otiier  seeds  whixk 
contain  large  aeed-jdsnttets,  wtde-mootked  bogles,  luge  cc^cs, 

lime-water. 

Soak  a  sufficient  quantity  of  peas  in  water  until 
their  coats  are  easy  to  remove.  As  peas  are  seeds, 
each  should  contain  a  little  plant.  Confirm  this 
by  removing  the  seed-coat.  How  many  leaves  has 
the  seed-plantlet  of  the  pea!  How  many  seed- 
leaves  t  Although  this  seed-plantlet  is  much  like 
that  of  the  bean  you  will  notice  some  difference 

Pat  a  little  <K>tton  wool  drenched  witii  water 
into  a  wide-mouthed  bottlcH-a  six-ounce  (6  oz.) 
prasoription  bottle  will  answer  well  for  this  pur- 
pose — and  cover  the  cotton  with  a  layer  of  soaked 
peas  about  half  an  inch  deep.  Cover  the  layer 
of  peas  with  wet  cotton,  and  add  another  layei-  of 
peas.  Cork  the  bottle  nearly  air-tight,  and  keep 
it  in  a  warm  place  till  the  seed-plantlets  have 
advanced  in  germination  so  far  that  the  root-ends 
of  the  stemlets  extend  a  short  distance  outside  the 
seed-coats,  or  until  the  flame  of  a  match  will  be 
at  once  extinguished  when  held  in  the  mouth  of 
the  bottle. 

The  young  plants  are  now  actdve,  and  d^ould  be 
breaHdng  if  they  ever  breathe.  Flimge  a  bnming 
match  into  a  wide-mouthed  bottle  of  air.  B«nove 
the  cork  and  plnnge  the  burning  match  into  the 
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gas  above  the  germinating  peas,  and  immediately 
cork  the  bottle  again.  Then  pour  a  little  lime- 
water  in  upon  the  peas,  place  your  hand  tightly 
upon  the  mouth  of  the  bottle  and  shake  the  lime- 
water  up  and  down  through  the  gas  in  the  bottle. 
The  lime-water  should  become  quite  milky  in 
appearance. 

To  interpret  these  facts  we  can  only  say  that 
the  Uttle  pea  plants  must  be  generating  carbonic 
acid  gas,  and  giving  it  off  into  the  air.  Other 
seeds  besides  peas — sunflower  seeds  for  instance — 
should  be  used  for  this  experiment,  at  the  same 
time,  in  order  to  confirm  the  results  obtained  with 
the  peas. 

Blow  your  breath  through  lime-water  till  it 
turns  milky.  Carbonic  acid  gas  is  being  generated 
in  yom*  body  and  given  off  into  the  air.  You  call 
this  process,  ii  yourself  and  animals  generally, 
breathing  or  respiration.  The  similar  process  in 
plants  is  called  vegetable  breathing  or  respiration. 

It  is  plain  that  the  little  pea  plants  do  not  get 
all  this  carbonic  acid  gas  from  the  air  in  the  bottle, 
else  it  would  whiten  lime-water  before  the  peas 
are  put  in.  Just  as  we  need  oxygen  Jrom  the  oir 
to  unite  with  the  carbon  in  our  bodies  to  produce 
the  carbonic  acid  gas  we  exhale  in  breathing,  so 
the  plants  need  oxygen  from  the  air  for  the  same 
purpose.  It  is  this  oxidation  of  carbon  in  our 
bodies  —  as  you  have  learned  — that  ke^  our 
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bodies  warm — wanner  than  the  suiTounding  air; 
but  if  plants  breathe  much  more  slowly  than  we 
do,  and  the  heat  produced  passes  off  about  as  fast 
as  it  is  generated,  the  bodies  of  plants  should 
not  be  as  warm  as  ours.   Feel  a  plant' and  see. 

1.  Push  one  or  two  growing  leafy  shoots  into  a  wide- 
mouthed  bottle,  held  mouth  down,  and  set  the  bottle  with 
its  mouth  in  a  dish  containing  enough  water  to  prevent  the 
outside  air  fnnn  entering  the  bottle.  Cover  tiie  bottle  with 
a  box,  <xc  set  it  in  a  dark  closet,  and  leave  it  in  darkness  for 
several  hours.  Then  remove  the  shoot  with  the  mouth  of  the 
bottle  under  water.  Raise  the  bottle  quickly,  turn  it  mouth 
upward,  and  diake  lime-watw  up  and  down  tiiroog^  it 
Draw  the  craiclusion. 

2.  Is  there  any  reason  for  the  belief  that  plants  are  un- 
wholesome in  a  bedroom  at  night  7 

N.B. — The  quantity  of  carbon  dioxide  given  oflf  by  a  few  house- 
pkmtB  is  so  small  coiniiared  with  what  is  given  off  by  the  human 
occupant  of  ihe  room  that  the  danger  from  the  plaota  is  a  negligible 
quantity. 

3.  Repeat  the  experiment  in  Exercise  1,  with  one  varia- 
tioii — ^keep  the  bottle  oontatoing  the  leafy  shoot  in  tiie  ligfat 
for  several  hours,  instead  of  in  dMkneai.  Ib^lain  the  dilfa^ 
enoe  in  tiM  results. 
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XXX.  THB  TRANSPIRATIOH  OF  WATER  BT 

PLANTS. 

MeUeruU. — ^Test  tubes,  cotton  wool,  potted  plants  in  active 
growth. 

Set  a  potted  coleus,  or  some  other  plant  with 
rather  large  leaves,  in  a  warm  room.  Boll  the 
blade  of  one  of  its  leaves  into  a  cylindrical  form, 

and  push  it  into  a  test  tube  without  injuring  the 
leaf-stalk  or  breaking  it  off  from  the  stem  of  the 
plant.  Then  pack  the  mouth  of  the  tube  around 
the  footstalk  of  the  leaf  with  cotton  wool,  taking 
care  not  to  crush  the  footstalk.  The  cotton  will 
thus  answer  as  a  cork,  and  but  little  moisture  can 
escape  from  the  test  tube.  Let  the  tube  incline  so 
that  a  liquid  would  flow  toward  the  bottom,  and 
support  it  in  that  position  so  that  its  weight  will 
not  brei^  or  injure  the  leaf-stalk,  and  cut  off 
communication  between  the  blade  of  the  leaf  and 
the  stem  and  root  of  the  plant.  In  a  short  time  a 
dear  liquid  will  collect  in  drops  on  the  inside  of 
the  test  tube. 

Supply  the  plant  with  water  by  keeping  the 
soil  fairly  moist,  and  in  a  few  days  a  considerable 
quantity  of  the  liquid  will  have  collected  at  the 
bottom  of  the  tube.  Remove  the  cotton  stopper 
and  the  leaf  from  the  tube,  and  test  the  liquid. 

It  is  clear  that  the  leaf  must  have  been  ^ving 
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off  water  from  its  blade;  but  why  could  you  not 
see  the  water  escaping  from  the  leaf?  It  must 
escape  in  the  invisible  form  of  steam,  just  as 
perspiration  from  your  body  is  invisible  unless 
you  exert  yourself  so  actively  that  it  collects  in 
drops  of  sweat. 

The  giving  ofE  of  water  by  the  leaves  of  plants 
is  called  transpiration.  It  resembles  the  process 
of  perspiration  in  yourselves ;  but  if  you  try,  you 
will  find  that  the  drops  of  perspiration  are  not 
nearly  as  pure  water  as  the  water  transpired  by 
plants. 

The  amount  of  water  exhaled  in  one  season 
from  a  field  of  com  or  from  a  large  forest  must 
be  very  gi-eat.    How  is  the  supply  kept  up  f 

We  have  set  u  that  plants  need  water  for  making 
starch,  sugar  and  wood,  that  while  they  are 
living  they  contain  free  water — in  their  sap — and 
that  they  exhale  water  from  their  leaves  quite 
rapidly  in  transpiration.  It  is  plain  that  while 
the  leaves  are  on  the  plants  they  must  be  r^olarly 
supplied  with  water,  else  they  would  soon  become 
very  dry.  But  this  water  is  not  absorbed  by  their 
leaves,  for  we  find  that  the  leaves  are  constantly 
giving  off  water  instead  of  taking  it  in.  The  bark 
on  the  stems  and  roots  of  plants  is  nearly  water- 
proof, and  keeps  the  plants  from  drying  out. 

The  water  used  by  plants,  and  that  which  passes 
off  in  transpiration,  must  be  taken  in  by  the  thin- 

8 
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skinned  rootlets  and  by  the  root-hairs  which  the 
rootlets  bear  in  such  vast  numbers.  As  a  striking 
evidence  of  this,  allow  a  low  plant,  such  as  a 
primrose  gi'owiiig  in  a  pot,  to  become  so  dry  that 
the  Ic'ives  are  all  wilted.  Set  the  pot  in  a  shallow 
vessel  of  water,  and  observe  how  quickly  the  water 
will  reach  the  leaves  from  the  roots  and  the  root- 
hfurs  buried  in  the  solL 

To  prove  that  the  root-hairs  really  do  spread 
from  the  rootlets  into  the  soil  in  all  directions, 
grow  from  the  seed  a  few  small  plants  in  a  pot  of 
light  soil.  Empty  the  soil  out  in  a  mass  when 
dry,  and  carefully  take  the  plants  out  of  the  soil. 
You  will  find  many  particles  of  soil  ciiuging  to 
the  rootlets  by  means  of  the  rpot-hau*s,  to  which 
the  grains  adhere. 


SECOND  YEAR 


AUTUMN  LESSONS 

I.  THE  CBLLOLAR  STRUCTORE  OP  PUKTS 

Material. — Specimens  of  sunflower  stalks  and  of  other 

stems,  fresh  green  leaves,  yerininutiiig  ]>lants  with  root-hairs, 
flowers  diacliarging  pollen,  a  cheap  magnifying  gloss,  a  sharp 
knife. 

Cut  with  a  sharp  knife  a  thin  section  from  the 
pith  of  a  sunflower  stalk  and  examine  it  under  a 
magnifying  glass.  You  will  conclude  from  its 
appearance  under  the  glass  that  it  is  made  up  of 
very  minute  parts,  empty  or  with  nothing  in  them 
but  air,  and  with  thin  waUs  or  partitions  sepu^ling 
them. 

Indeed,  if  the  piece  of  pith  were  snffimenlly 
magnified  it  would  look  much  like  a  honey-comb; 
and  just  as  we  give  the  name  of  cells  to  the  little 

chambers  which  make  a  honey-comb,  so  we  call 
those  of  the  pith  by  Hie  same  name.   The  cells  of 

the  pith,  however,  are  many  times  smaller. 

Of  course  the  hard  woody  part  of  the  stem 
cannot  be  composed  of  such  cells  as  those  of  the 
pith.    If  you  scrape  the  wood  with  your  kniV 
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blade  you  will  find  that  it  \rill  split  lengthwise 
into  very  fine  threads  or  fibres.  The  finest  fibres 
of  the  wood  aro  also  called  cells,  for  they  too 
are  little  chamben  compai'atively  long  and  very 
narrow,  so  that  they  resemble  slrader  tnbes  cltMsed 
at  the  end. 

There  are  many  forms  of  cells  in  plants.  If  yon 
were  to  examine  the  skin  of  a  leaf  nnder  a  com- 
pound microscope,  you  cotdd  see  the  cells  of  which 
it  is  composed,  and  you  would  find  that  the  pulp 
cells  of  the  leaf  resemble  somewhat  those  of  the 
pith  of  a  sunflower,  but  in  the  living  leaf  these 
ceils  contain  water  and  various  other  substances — 
some  dissolved  in  the  water  and  some  not.  By 
scraping  and  splitting  one  of  the  veins  of  the  leaf 
with  your  knife  you  can  find  of  what  kind  of  cells 
the  veins  are  composed. 

Ton  can  now  see  that  a  plant — even  a  great 
tree — is  a  mass  of  cells  of  various  sizes  and  shapes, 
too  small  and  too  close  together  to  be  seen  separ- 
ately except  with  a  microscope,  and  all  stuck  to- 
gether by  the  walls  or  partitions  which  bound 
them.  You  may  picture  out  in  your  mind  how 
a  plant  would  look  if  your  eyes  were  piercing 
and  powerful  enough  to  see  through  it,  and  at 
the  same  time  see  the  many  milUons  of  cells  of 
which  it  is  built  up. 

You  remember  the  root-hairs  which  you  saw 
some  time  ago.    Each  of  these  hau*s  is  a  slender 
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tube,  closed  at  the  tip,  with  a  very  thin  wail 
extending  out  from  a  cell  in  the  skin  of  the 
rootlet.  A  root-hair  is  only  a  part  of  a  cell,  for 
there  is  no  wall  separating  it  from  the  cell  from 
which  it  sprang.  You  cannot  see  the  part  of  the 
cell  in  the  skin  of  the  rootlet  It  is  very  small,  and 
the  wall  which  separates  it  from  the  cells  abont 
it  is  too  thin  to  be  poxsdved  by  you ;  but  the 
root-hair  itself  can  be  plainly  seen  with  a  magnify- 
ing glass. 

A  material  which  is  made  up  of  a  set  of  cells 
arranged  together  in  one  system  is  called  a  tissue  ; 
thus  pith  is  one  of  the  tissues  of  a  plant,  the  pulp 
of  a  leaf  is  a  tissue,  the  skin  is  a  tissue,  and  the 
veins  of  the  leaf  are  composed  of  woody  tissue. 
The  substance  of  which  the  cell-walls  of  a  plant 
are  mainly  formed  is  called  cellulose.  Cotton  is 
nearly  pure  cellulose,  tiie  fibres  of  cotton  being 
formed  of  long  nwrow  <»lls.  The  wood  of  trees 
is  largely  cellnlose,  for  it  too  is  made  up  to  a  great 
extent  of  thickened  oell-waUs.  Although  pith  is 
not  called  woody  tissue,  yet  the  cellulose  walls  of 
the  pith  cells  are  nearly  the  same  as  the  wood  of 
the  firmer  tissues.  Even  the  thin  walls  of  the 
cells  in  the  pulp  of  a  leaf  are  composed  of  cellu- 
lose. So  a  plant-cell  is  a  minute  chamber  with  a 
wall  of  cellulose,  which  may  be  very  thin  and  soft, 
or  sickened  and  more  or  less  rigid. 

The  little  plants  which  we  sprouted  were  made 
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up  of  cells,  but  these  cells  must  have  been  alive, 
else  the  plant  could  not  have  grown  and  could 
not  be  killed.  Yes,  every  living  plant-cell  must 
have  some  living  substance  inside  its  womlon 
(cellulose)  wall.  Of  course  the  sap  which  we 
squeeze  out  of  the  cells  is  not  alive,  nor  is  the 
leaf-green  alive,  for  the  uncolored  parts  of  a 
young  plant  are  ali\o  and  grow.  Bnt  micro-  ' 
gcopists  find  in  every  active  cell  a  soft,  glairy, 
colorless  substance  (resembling  the  white  ^  of  a 
raw  egg)  which  is  not  present  in  old  dead  cells. 

This  is  the  living  substance  of  the  cells,  and  is 
the  only  living  substance  in  a  plant.  It  is  called 
protoplasm.  You  cannot  expect  to  see  it  with  the 
naked  eye,  or  with  a  common  magnifying  glass, 
for  there  is  only  a  little  of  it  in  each  living  cell, 
and  you  know  how  small  a  cell  is. 

Are  the  cells  dead  in  dry  garden  seeds!  No, 
else  the  seeds  could  not  goi-minate.  The  proto- 
plasm in  the  cells  of  the  seed-plantlet  before 
germination  must  be  dormant  or  in  a  resting 
state,  yet  capable  of  being  stimulated  into  active 
life.  That  is  what  the  warmth  and  the  mois- 
ture do. 

We  can  now  understand  how  a  plant  grows. 
A  plant  is  made  up  of  minute  cells,  so  when  it 
is  growing  the  number  of  these  cells  must  be 
increasing.  New  cells  are  being  formed  from  the 
older  ones.    This  does  not  mean  that  tho  older 
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ones  are  destroyed,  but  each  of  the  c^lls  in  the 
growing  part  of  the  plant  becomes  two  cells,  by 
a  cellulose  wall  forming  across  the  middle.  Each 
of  these  two  cells  soon  becomes  as  large  as  the 
j)arent  cell  whi<;h  produced  them. 

Of  course  dead  cells  cannot  divide  to  fonn  new 
ones,  nor  do  cells  necessarily  die  as  soon  as  they 
cease  dividing;  but  certainly  all  the  dead  cells 
now  in  a  plant  were  onoe  alive,  for  when  they 
were  formed  from  their  parent  cells  th^  had 
living  protoplasm  in  them. 

Whenever  any  part  of  a  plant  begins  to  grow, 
there  cell  division  is  going  on  and  new  cells  are 
being  foi-med  from  the  old  ones.  When  a  plant 
gets  to  be  twice  as  large  and  heavy  as  it  was,  that 
means  that  it  contains  about  twice  as  many  cells 
as  it  did. 

I  should  remind  you  that  cells  do  not  fonn  a 
tissue  unless  they  are  joined  together.  Examine 
the  pollen  of  a  flower  with  a  magnifjdng  glass. 
The  little  giains  of  pollen  as  they  are  discharged 
from  the  anther  are  separate  cells.  The  pollen  of 
a  flower,  then,  althongh  made  up  of  cells,  is  not 
a  tissue. 

When  a  grain  of  pollen  germinates  on  the  stigma 

of  a  flower,  a  germ-cell  formed  by  the  internal 
di^dsion  of  the  poll«i  grain  descends  the  i}ollen 
tube  which  penetrates  an  ovule  (unfertilized  seed). 
The  ovule  contains  another  germ-cell  of  a  different 
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sort,  and  here  (in  the  ovule)  the  two  germ-cells 
unite  to  form  one  new  cell,  called  the  egg-cell. 
The  union  or  fusion  of  the  two  germ-cells  is 
called  fertilization.  The  egg-cell  thus  formed 
soou  begins  to  divide,  and  cell-division  continues 
till  the  egg-cell  has  developed  into  the  seed- 
plantlet  (embryo);  after  resting  for  a  time,  the 
seed-plantlet,  when  placed  under  suitable  condi- 
tions, germinates,  and  develops  into  a  flowering 
plant.  So  we  see  that  every  ^irmnjr  plant  begins 
its  career  as  a  single  cell— an  egg-cell— which  was 
formed  by  the  fusion  of  two  other  cells. 


II.  THE  COURSE  OF  THE  SAP  IN  PLANTS 

Material. — Sunflower  leaves  or  other  leaves  with  stout 
footstalks,  stems  of  Indian  corn  and  of  the  sunflower,  carrots, 
potatoes,  short  leafy  branches,  some  young  plants  growing  in 
light  soU,  red  ink  or  other  red  dye,  black  ink,  tomblon  ^ 
wide-moathed-bottles,  sballov  dishes. 

Set  a  few  fresh  leaves  with  large  footstalks, 
such  as  sunflower  leaves,  in  a  bottle  or  tumbler  ^ 
containing  red  ink  slightly  diluted  with  water. 
Cut  a  few  pieces  two  or  three  inches  in  length 
from  the  stems  of  sunflower  and  of  Indian  corn, 
stand  them  in  a  shallow  dish  containing  diluted 
red  ink  about  half  an  inch  deep,  and  take  an 
occasional  look  in  expectation  of  results. 
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If  this  experiment  is  started  in  the  forenoon, 
in  the  afternoon  yor  a,)!  Le  able  to  tell  through 
which  of  the  tissue  ;  of  the  st(;.>..s  and  leaves  the 
ink  rises,  and  to  ca 'Tliite  at  That  rate  per  hour 
it  ascended  the  stems,  bmcc  red  ink  is  a  solution 
of  dye  in  water,  this  experiment  will  show  whether 
substances  dissolvtd  in  soil  water  might  ascend  the 
stems  dissolved  in  the  water  absorbed  by  the  root- 
hairs  and  rootlets. 

Examine  the  leaves  after  several  hours,  to  see 
whether  the  dye  remains  in  the  tissue  through 
which  it  ascended,  or  whether  it  diffuses  into  the 
other  tissues. 

Stand  some  piec^  of  sunflower  and  com  stalkw, 
with  the  top  end  down,  in  red  ink,  and  note 
whether  the  ink  will  travel  througli  the  stem  in 
the  opposite  dkectiou,  that  is,  toward  the  root. 

Cut  both  ends  off  a  short  carrot  and  a  potato, 
and  set  them  in  a  shallow  dish  containing  ink  in 
the  bottom.  Use  black  ink  for  the  carrot.  Inter- 
pret the  results. 

Set  short  leafy  bnmohes  of  poplar  or  of  anotiier 
tree  in  a  wide-mouthed  bottle  or  glass  jar  half  full 
of  a  solatioii  of  red  ink  or  of  other  red  dye,  to  find 
whether  the  dye  will  pass  with  tiie  water  from  the 
stem  into  the  leaves.  Peel  the  bark  off  the  stem 
for  the  distance  of  one-half  an  inch  a  little  above 
the  level  of  the  solution,  and  note  whether  the 
water  and  dye  oan  ascend  to  the  leaves  throngh 
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the  part  of  the  stem  from  which  the  bark  was 

removed. 

AVe  have  seen  that  if  we  supply  water  to  the 
roots  of  a  plant  whose  leaves  are  wilted,  the  water 
will  soon  ascend  and  fill  the  cells  so  tightly  that 
the"  leaves  stiffen  and  straighten  out  again.  To 
show  that  most  of  this  water  is  probably  absorbed 
by  the  root-hairs,  grow  from  seed,  in  Ught  soil,  a 
few  plants  to  the  height  of  two  or  three  indies. 
Tom  the  soil  out  of  the  pot,  and  carefully  take 
the  plants  out  of  it.  You  will  find  that  much 
soil  clings  to  the  rootlets  by  means  of  the  root- 
hairs  which  adhere  closely  to  &e  particles  of  soil. 

It  is  clear  that  the  water  which  ascends  the 
stems  of  plants  must  pass  '  rom  the  soil  through 
the  skin  of  the  rootlets,  or  through  the  thin  walls 
of  the  root-hail's.  There  are  evidently  no  openings 
in  the  roots  by  which  sohd  matter  can  be  taken 
into  the  plant.  Water  and  substances  dissolved 
in  it  must  soak  through  the  thin  walls  of  the  cells 
and  root-hairs. 

Since  the  whole  plant  is  composed  of  cells,  tiie 
watery  si^  must  aseend  the  stem  and  leaves  by 
diffusion  from  cell  to  oeD.  Similariy,  the  stardi 
made  in  the  leaves  when  ehanged  into  sugar  mui^ 
pass  throned  stem  from  oell  to  cell)  dissolved 
in  the  watery  sap,  to  the  other  parts  of  the  plant, 
to  be  used  where  needed,  w  to  be  stored  up  in 
tub^  bulbs,  eto.  We  have  seen  that  plants  we 
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water  in  the  manufacture  of  starch — ^the  starch 
being  composed  of  carbon  and  the  elements  of 
water  chemically  unitt,  '..  Here  we  find  another 
use  of  the  water  in  plants,  for  the  transference  of 
sugar  and  other  substances  from  one  part  of  the 
plant  to  another  could  not  take  place  unless  these 
substances  were  dissolved  in  the  water  of  the  sap. 


m.  FSKVS  ASD  OTHER  GRESir  FLOWSRLBSS 

PLANTS 

Material. — Fresh  specimens  uf  f^rns  and  otiier  green  flower- 
less  plants,  such  as  horsetails,  club-mosaea,  mones,  and,  if 
obtainable,  pond-scums  in  water. 

The  green  spreading  Jronds  of  ferns  are  evidently 
leaves,  but  where  are  the  stems  which  bear  these 
leaves  !  In  our  ferns  the  stems  must  be  concealed 
in  the  earth  below  the  fronds.  These  stems  are 
root-like  in  appearance,  but  since  they  bear  the 
leaves  of  the  ferns  they  must  be  true  stems. 

The  footstalks  of  the  compound  fronds  might 
be  mistaken  for  stems,  but  you  will  notice  that 
the  divisicmB  of  the  fronds  are  not  set  on  the 
f ootfMc  like  kftves  on  a  stem,  so  we  mnst  re|^u!d 
the  i^de  f rcmd,  no  matter  how  mnoh  it  is  divided, 
indnding  the  stalk  which  saf^rts  it,  as  a  singfe 
leaf.  The  roots  will  be  fooad  fosSomMai;  fmik  the 
stem  into  the  snrrotmding  sdL 
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Upon  the  backs  of  some  of  the  fronds  may  be 

seen  organs  quite  different  from  any  you  have 
seen  in  the  flowering  plants.  Since  ferns  have 
no  flowers,  we  might  assume  that  these  are  the 
organs  of  reproduction,  and  when  we  recollect 
that  the  seeds  of  flowering  plants  are  borne 
by  leaves  (cai'pels)  the  assumption  seems  veiy 
probable. 

Examine  the  dots  {frttit-dots)  on  the  backs  of 
the  fronds  closely,  and  you  will  see  that  they  are 
made  up  of  little  spherical  bodies  which  become 
plainly  visible  if  you  use  an  ordinary  miagui^dng 
glass.  Fruit-dots  resemble  clusters  of  minute 
berries,  partiaUy  concealed,  in  most  ferns,  by  a 
thin  membranous  covering.  The  minute  berry-Uke 
bodies  which  make  a  fruit-dot  are  called  spore- 
cases  because  each  one  is  filled  with  still  more 
minute  grains  called  spores;  so  a  fruit-dot  is  a 
collection  of  spore- cases. 

Rub  a  dry  fruit-dot  hard  enough  to  burst  the 
spore-cases,  and  you  will  obtain  a  powder  the 
grains  of  which  are  so  fine  that  you  cannot  make 
out  their  form  without  a  mi<»osoope  of  consider- 
able magnifying  power.  Every  particto  of  this 
dust-like  powder  is  a  spore. 

If  you  collect  some  matm*e  spores  which  have 
been  freely  discharged  from  the  spore-cases  of  a 
fern  and  scatter  them  on  suitable  soil  where  the 
conditions  will  be  similar  to  those  where  ferns 
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grow  naturally,  you  may  have  the  pleasure  of 
seeing  the  young  ferns  which  grow  from  the  spores, 
and  of  watching  them  develop  their  first  fronds. 
In  greenhouses,  ferns  are  often  grown  from  the 
spores. 

Although  a  spore  gives  rise  to  a  new  plant  as 
a  seed  does,  yet  it  is  not  a  fteed.  Seeds  are  pro- 
duced by  flowers,  and  each  seed  contains  a  seed- 
plantlet.  A  fern  is  a  flowerless  jdant,  and  the 
spore  from  which  it  grows  contains  no  minute 
plant  (embryo)  as  a  seed  does.  Spores  too  are 
smaller  than  seeds. 

There  are  other  families  of  greeu  flowerless 
plants  besides  feiiis.  The  piincipal  of  these  are 
the  horse-tails,  club-mosses,  mosses,  and  algae  or 
sea-weeds.  The  horse-tails  may  be  distinguished 
by  their  gi'ooved  and  jointed  stems,  with  a  sheath 
surrounding  the  stem  at  each  joint.  They  have 
no  foliage-leaves,  but  some  species  hear  dender, 
jointed  branches.  The  spores  are  borne  in  a  spike 
at  the  top  of  the  stem. 

The  dub-moBses  have  atond^r,  flexit^  stems 
covered  with  numerous  short  leaves.  Their  spore- 
cases  are  crescent-shaped  and  occur  singly  the 
bases  of  leaves— either  the  ordinary  leaves  or 
special  leaves  differing  in  form  from  the  othera. 

The  mosses  too  have  leafy  stems,  often  very 
short.  The  spores  are  produced  in  solitary  spore- 
cases,  usually  borne  on  t;  slender  leafless  stalk. 
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Sea-weeds  or  algae  are  best  developed  in  the 
sea-along  the  shores,  and  often  far  out  from 
laud.  Fresh-water  aU/ae  are  common  in  ponds 
and  slow  streams.  They  often  form  soft,  green, 
stringy  masses,  floating  in  the  water.  These 
fresh-water  foiTQS  are  called  pond-scums. 

1.  Make  a  collection  of  the  most  In^autiful  ferns,  horse-tails, 
club-mosses  and  mosnes  you  can  find  in  your  neighborhood. 
The  plants  may  be  dried  between  sheets  of  porous  paper. 
Old  newspapers  answer  the  pui  poae  well. 

2.  Find  s(,nie  pond-scums,  take  them  to  the  school,  and 
keep  them  in  water  for  a  while  that  all  may  observe  them. 


IV.  MUSHROOMS 

Jfa<erio/.— Specimens  from  the  woods  and  fields  of  various 
forms  of  mushrooms,  including  gill-bearing  and  pore-bearing 

species. 

Some  forms  of  mushrooms  ai-e  known  to  chadren 
as  toadstools,  others  as  puffballs.  The  common 
mushrooms  we  see  growing  on  the  ground,  mostly 
m  soil  rich  in  humus  (decaying  vegetable  matter), 
with  their  circular  caps  and  -rect  stalks,  resemble 
little  umbrellas  in  form.  you  examine  the 
spreading  caps,  you  will  fina  the  under  side  in 
some  species  divided  into  thin  blade-like  parts, 
with  ran-ow  spaces  between  the  divisions.  These 
divisions,  which  radiate  from  the  ceuU-e,  ai-e  called 
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ffills ;  and  mushrooms  which  have  them  are  called 
gill-hearing  mushrooms. 

Cut  the  stalk  off  a  mature  gill-beariug  mush- 
room, place  the  cap,  gills  downward,  on  a  piece 
of  white  paper,  and  cover  it  with  a  glass  jar  or 
other  y^EBel,  to  prevent  air  currents.  Before  long, 
lines  of  very  fine  powder  may  be  seen  on  the 
paper  just  below  the  slits  between  the  gills,  lliis 
powder  is  made  np  of  the  spores  from  which 
moshrooms  grow,  each  spore  being  a  single  celL 

We  see  from  tliis  that  the  cap  of  the  mushroom 
is  a  spore-bearing  organ.  The  vegetative  part  of 
the  mushroom  is  rarely  observed ;  it  may  be  found 
by  digging  into  the  earth  about  the  base  of  the 
stalk.  It  is  made  up  of  threads  which  spread 
through  the  earth,  drawing  food  from  decaying 
vegetable  matter  in  the  soil. 

Eatable  mushrooms  are  grown  by  the  cultivators 
of  mushrooms  from  the  underground  vegetative 
part  It  is  sold  under  the  name  of  mushroom 
spawn.  The  mushroom  lives  fmr  a  time  in  the 
form  of  spawn,  then  the  spawn  smds  up  a  stalk 
with  a  cap  on  it  for  producing  spores. 

In  some  mushrooms  ^e  lower  side  of  the  ci^ 
is  perforated  with  many  small  opemngs  eaUed 
tubes  or  pores,  which  answer  tine  same  pnzpoee 
as  the  giUs  in  other  mushrooms. 

The  pore-hearing  mushrooms  are  of  different 
forms.    Some  species  of  them  are  common  on 
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trees.  They  are  often  quite  tough  and  sometimee 
hard,  and  resemble  little  shelves  or  brackets 
fastened  to  the  tree.  These  are  called  bracket  or 
shelf  mushrooms. 

The  bracket,  however,  is  only  the  spore-bearing 
part  of  the  mushroom.  Most  of  the  mushroom — 
the  vegetative  part — is  concealed  within  the  tree 
upon  which  it  may  have  been  feeding  for  a  long 
time.  Upon  splitting  a  log  which  has  shelf  mush- 
rooms on  it  you  can  find  the  vegetative  part  of  the 
mushrooms  within,  and  observe  the  effect  on  the 
tree.  These  mushrooms  destroy  the  wood  of 
living  trees  and  may  finally  kill  them.  Bracket 
mushrooms  gi-ow  S*om  spores  which  fall  upon  a 
wound  iu  the  tree,  and,  germinating  there,  grow 
into  the  tree. 

Puffballs  are  neither  gUl-beariug  nor  pore- 
bearing  mushrooms.  The  black  powder  which 
issues  from  the  ripe  ball  is  made  up  of  a  vast 
number  of  spores,  each  of  which  is  capable  of 
producing  a  new  puffbalL 

Some  mushrooms  axe  good  for  food,  but  there 
are  so  many  poisonous  ones  that  it  is  not  at  all 
safe  for  inexperienced  people  to  eat  those  of  their 
own  selection. 

Mushrooms  are  iLsually  white,  but  are  sometimes 
brightly  colored.  They  contain  no  leaf-green,  and 
so  we  know  that  they  must  obtain  their  food  from 
material  prepared  by  other  plants.   Many  of  th^ 
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live  on  the  decaying  bodies  of  plants  buried  in  the 
soil;  others,  such  as  the  bracket  mushrooms  of 
trees,  obtain  their  nourishment  from  living  plants. 

A  mushroom  is  often  called  a  fungus.  The 
plural  of  this  word  is  fungi  (pronounced  fun-ji). 

KSDIC^BS 

1.  Make  a  cuUectiun  uf  mushrooma  from  the  fields  and 
woods,  noting  at  the  same  time  where  they  flourish  best. 

2.  Draw  two  or  three  mushrooms  of  different  forms. 

3.  Try  to  grow  some  mushrooms  from  spawn  or  inun  spores, 
or  from  both. 


V.  MOULDS 

Matenal. — Small  pieces  of  bread,  cheese,  boiled  potato, 
lemon,  fresh  leaves,  glass  jars  (self-sealers),  plates,  tomUors, 
flower-pots  or  bowls. 

Place  a  boiled  potato,  a  piece  of  bread  saturated 
with  water,  a  dry  piece  of  bread,  a  thick  slice  of 
lemon,  some  dar  p  leaves,  a  piece  of  -  cheese, 
respectively,  on  i)lates  and  invert  a  tumbler  over 
each.  Prepare  duplicates  of  some  of  these,  and 
place  a  flower-pot  or  bowl  over  the  tumbler  in 
order  to  exclude  the  light.  Set  the  whoje  in  a 
warm  place. 

Put  a  boiled  potato  and  a  piece  of  bread  seiwr- 
ately  in  g^ass  jars  with  air-ti^t  oov^rs.  Place  the 
open,  imd  thdr  oDvere — mbber  band  and  all — 
in  a  iwn  of  cold  water,  and  the  wator  to  the 
boiling  pmnt.  Allow  the  water  to  bcnl  for  a  while, 
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theu  quickly  turn  the  jars  with  mouth  obliquely 
downward,  allow  the  water  to  drain  out,  and 
promptly  put  the  covers  on  the  jars  before  turning 
them  mouth  upward.  Serow  the  cover  down,  and 
keep  the  jars  in  a  wai-m  place.  Cover  one  of  the 
jars  to  shut  out  the  light. 

Look  from  time  to  time  to  see  whether  anj 
new  growths  appear  on  any  of  the  substances 
under  the  tumblers  or  in  the  jai*s.   Note  whether 
the  new  giowths  are  all  alike,  or  whether  they 
differ  in  form,  color,  or  in  other  ways. 

After  a  time  you  will  see  on  some  of  the 
materials,  per^^-'.ps  on  the  bread,  a  beautiful  white 
gi-owth,  app{  jtly  composed  of  fine  fibres  or 
threads.  Soon  very  small  round  black  bodies, 
resembling  black  i)in-heads,  will  appear  upon  the 
white  threads.  These  will  probably  increase  gi'eatly 
iu  number,  until  the  whole  mass  is  speckled  with 
black.  This  white  gi-owth  which  bears  the  black 
specks  is  a  mouldy  and  the  little  black  balls  are 
full  of  fine  powder. 

You  will  pi-obably  find  that  no  moulds  have 
developed  on  the  bread  in  the  sealed  jars,  but  if 
you  sift  upon  it  a  little  of  the  powder  from  the 
moulds  under  the  tumblers,  and  cover  the  jars 
loosely,  you  should  soon  see  an  extensive  growth 
of  moulds.  Tiy  whether  the  moulds  grow  better 
when  the  jar  is  sealed  tightly,  or  when  the  cover 
is  left  slightly  loose. 
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Every  particle  of  the  fine  powder  from  which 
moulds  gro-'v  is  a  spore.  A  mould  spore  is  a 
.single  cell  which  is  capable  of  developing  into  u 
mould  plant. 

Tho  species  of  moulds  just  refeiTed  to  is  a  black 
mould,  but  you  will  probably  find  on  some  of  the 
materials  moulds  in  which  the  spore-beai-iug  organs 
are  bluish  in  color.   These  are  blue  moulds. 

It  is  evident,  since  the  spores  from  which  moulds 
grow  ai-e  so  small,  that  they  must  obtain  food  from 
the  bread  or  other  organic  substances  upon  which 
thoy  glow.  You  can  veiify  this  by  examining  the 
bread  after  the  mould  has  ceased  to  grow.  You 
may  be  able  to  see  that  the  threads  of  the  moulds 
have  spread  through  the  bread  and  other  sub- 
staneec  from  which  they  were  absorbing  food. 

Since  moulds  do  not  contain  leaf-green,  they 
cannot  use  carbonic  acid  gas  and  water  to  make 
starch  and  other  carbohydi'ates,  nor  to  help  in 
making  proteids.  This  means  that  moulds  cannot 
make  out  of  inorganic  matter  from  the  air  and  soil 
the  substances  of  which  their  bodies  are  composed, 
as  green  plants  can  do.  Like  animals,  these  plants 
must  use  food  which  has  been  prepared  for  th«n 
by  green  plants. 

E3BRCIHC8 

1.  ^ow  whedter  moulds  are  £owering     fioverfew  plants. 

2.  Find  whether  moulds  grow  bett^  in  ^^^t  or  in  darkne8ti 
— in  a  cold  room  or  in  a  warm  room. 
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3.  Try  whethor  nmulHs  will  grow  on  dry  substances 

4.  Ibtplain  how  tlio  inoiililo  came  to  grow  on  the  substanceti 
under  the  tumUerfS  a1thr>iigh  yoit  hnA  wnrerl  no  mould  Hporen 
there. 

T).  How  can  mould  aporm  be  killed,  and  mould  growth 
thus  he  prevented  i 

6.  Heat  a  piece  of  boiled  potato  in  a  jar  of  bmling  water, 
pour  off  tho  water,  sprinkle  dust  from  tiio  floor  on  the  potato, 
and  cover  the  jar.  Set  the  jar  in  a  warm  place,  and  aooount 
for  the  growth  of  moulds  on  it,  if  any  appear. 

7.  Und  whether  mould  i^ioreM  are  floating  aboat  in  the  air. 


VI.  YEASTS 

Materia/. — A  fresh  cake  of  yeast,  a  cup  of  molasnes,  a  little 
wheat  flour,  granulated  lagar,  lime-water,  wide-moutiied 

beetles  of  different  sizes,  test  tubes  or  homeopathic  vials,  a 
soda-water  bottle,  wocxlen  test-sticks,  a  spirit  lamp. 

Stir  up  half  of  a  fresh  yeast  cake  in  a  tumbler 
<»f  water.  The  other  half  of  the  cake,  if  needed, 
may  be  used  in  the  following  experiments.  Mix  in 
a  large  bottle  lialf  a  cup  of  molasses  with  about 
.seven  or  eight  times  its  volume  of  water. 

Make  a  small  ball  of  dough — not  too  soft — ^by 
mixing  a  little  wheat  flonr  with  water  into  which 
you  have  stirred  y^t.  Make  two  other  balls  of 
dough,  using  water  without  yeast  in  one,  and  some 
of  the  molasses  solution  with  yeast  in  the  other. 
Drop  the  three  h  ps  of  dough  into  three  wide- 
mouthed  bottles.  The  dough  should  oecnpy  about 
one-third  of  each  bottle. 
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Cork  the  bottles  loosely  and  sef  them  in  n  warm 
])lnco  (near  a  stove  or  a  radiator)  for  snvoral  lionrs, 
until  the  douj;h  expands  in  ono  or  more  of  them  to 
double  its  original  volume.  Try  whether  a  match 
will  burn  in  the  mouth  of  each  bottle.  Test  for 
earbonie  aei«l  gas  by  tipping  the  open  mouth  of 
each  bottle  over  the  mouth  of  another  bottle  con- 
taining a  little  lime-water,  and  then  shaking  the 
lime-water  through  the  bottle.  GlcMse  the  bottle 
tightly  with  the  hand  while  shaking  the  lime- 
water  throngh  it.  Observe  the  smell  given  off  by 
the  risen  dough. 

Fill  several  test  tubes  or  vials  oH'  -i  ;*"d  full  of 
molasses  solution,  add  a  few  drops  ot  i^e  mixture 
of  yeast  and  water  to  each,  cork  the  tubes  or  vials, 
and  set  the  whole  in  a  warm  place.  Watch  the 
action  which  soon  sets  in,  and  after  some  hours  go 
through  the  motion  of  emptying  the  gas  above  the 
solution  into  a  two-omiee  bottle  with  one-third  of 
an  inch  of  lime-water  in  the  bottom.  ClcMse  the 
bottle  and  shake  the  lime-water  through  it 

If  you  do  not  get  a  decided  roralt  at  first,  r^>eAt 
the  experiment,  using  another  tube  or  viaL  Note 
the  smell  given  off  from  the  solutions  containing 
the  yeast. 

Fill  a  pint  or  a  half-pint  bottle  half  full  of  a 
fairly  sweet  solution  of  granulated  sugar  (cane 
sugar),  add  a  tablespoonful  or  two  of  the  mixture 
of  yeast  and  water  to  each.   Cork  the  bottles,  not 
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quite  air-tight;  set  them  in  a  warm  place,  and  note 
and  account  for  the  results.  The  heery  smell  from 
one  of  the  solutions  is  due  to  the  presence  of 
alcohol,  formed  by  the  actl  of  the  yeast.  Try 
whether  this  beery  smell  is  gi>  a  off  from  the  test 
tubes  or  vials  containing  molasses  solution  wd 
yeast 

Put  some  of  the  frothy  senm  which  collects  on 
the  molasses  solution  in  which  Hie  yeast  is  working 
into  another  bottle  containing  a  molasses  solution. 
Keep  the  solution  warm  and  explain  the  result. 

Fill  a  soda-water  bottle  two-thirds  full  of  mo- 
lasses solution,  add  yeast,  cork  tightly^  and  leave 
the  bottle  in  a  warm  place  till  the  cork  disappears. 
Explain  this  circumstance. 

Boil  a  molasses  solution  containing  yeast,  and 
observe  whether  the  yeast  acts  as  before.  Explain 
the  result. 

When  yeast  is  studied  under  a  mi(»08cope  of 
considerable  magnifying  power,  we  find  that  it  is 
made  up  of  ranall  ceUs,  usoally  rounded  in  form, 
which  multiply  rapidly  undor  favorable  conditious . 
by  new  odls  budding  off  from  the  older  ones.  The 
new  cells  readily  separate  from  the  parent  cells, 
and  grow  to  be  as  large  as  they. 

A  yeast  cake  is  just  a  mass  of  yeast  cells  stuck 
together.    Each  yeast  cell  is  a  minute  plant. 

Since  yeasts  contain  no  leaf -green,  and  live,  like 
mushrooms  and  moulds,  on  material  prepared  by 
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other  plants,  they  are  included  with  the  moulds 
and  mushrooms  in  the  great  group  of  faf^  A 
yeast  is  a  budding  fungus. 

The  action  of  yeast  in  producing  alcohol  and 
carbon  dioxide  from  sugar  is  called  alcoholic  or 
vinons  fermentation. 

BDRCISB8 

1.  Try  whether  yeast  will  live  and  multii^y  in  a  mixtare 
of  starch  (raw  or  boiled)  and  water. 

2.  Knd  whether  yeast  will  thrive  in  a  cold  place. 

3.  (a)  What  two  substances  are  produced  by  yeast  in 
dough,  and  in  a  molasses  solution  1  (6)  From  what  do  these 
two  substances  seem  to  be  produced  t 

4.  What  oaased  the  eavitiei  in  the  dough  which  was  raised 
by  the  yeast  ?    How  can  these  cavities  be  made  permanent  ? 

6.  What  two  substances  are  expelled  by  the  heat  when 
dough  which  has  been  raised  by  yeast  is  baked  in  bread- 
making  ? 

6.  Why  is  yeast  used  in  making  bread  t 


VIL  BACTERU  AND  THBIR  WATS 

(Loohamr  thit  arM»  to  $m  tokat  mat0rial  %$  r«quir«l  /or  tkt 

eeeperimentt) 

You  have  iMmed  that  modiirooms  and  moulds 
feed  upon  the  bodies  of  other  plants,  and  often 
cause  their  death  and  hasten  their  decay;  but  it 
has  been  found  by  means  of  the  mioroecope  that 
the  putrefaction  and  decay  of  organic  matter  is 
largely  due  to  minute,  one-celled  plants  called 
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bacteria  (singular  bacterium).  These  minute  plants 
are  so  small  that  only  a  high-power  microscope 
will  magnify  them  sufficiently  to  render  them 
visible  to  us;  indeed  most  of  them  must  be 
magnified  about  1,000  times  before  we  can  see 
the  little  cells,  each  of  which  is  a  single  bacterium. 
AlthoQi^  we  cannot  see  the  individual  bacteria 
without  a  microsoope,  we  can  observe  them  in 
masses,  called  coUmieSf  with  the  naked  eye. 

Press  a  little  hay  into  the  bottom  of  a  bottle, 
fill  the  bottle  up  with  water,  set  it  aside  in  a  wann 
place  for  a  few  days.  A  gelatinous  scum  will  form 
on  the  surface  of  the  water.  This  scum  is  a  mass 
of  bacteria.  If  you  were  to  place  a  speck  of 
this  scum  in  a  drop  of  water,  under  a  powerful 
microscope,  you  might  see  great  numbers  of  bac- 
teria lying  or  swimming  about  in  the  drop. 

Cut  a  damp  cooked  potato  into  slices  about  half 
an  inch  thick,  and  then  cut  the  slices  into  cylinders 
of  such  diameter  that  they  can  be  dropped  into 
a  small  wide-nK>ntiied  bottle.  Pnt  one  or  two 
cylindens  into  each  of  five  bottles,  and  plug  tl^ 
mouth  of  each  bottle  rather  ti^tly  with  a  stopper 
made  of  cotton  wool.  This  will  prevent  the 
entrance  of  bacteria,  while  not  excluding  the  air. 

Procure  an  enamelled  pail  or  a  deep  basin  With  a 
cover.  Invert  in  the  bottom  of  it  a  low  dish  with 
a  flat  bottom  which  has  been  perforated  with  small 
holes.    Pour  in  some  water,  and  set  fawr  of  the 


FORMS  AND  STATES  OF  J^ACTERIA 
fAtt  gnattv  mag»i/kd^ 

(a)  lUm-SBAPiD  Bachoua  (Baciixi).  (fc)  Sphkbical  Baorua 
(Cocci).  (c)  Spiral  BAOnoUA  (Spirilla).  (d)  Bacteria  Mplhply- 
iKo  BY  Fission,  (e)  BAOnwA  Formiko  Spores  (insidk).  (/)  Thk 
BACfBBtA  «w  CoMiriimoir  (BAcnxnt  nrnaoviMis). 
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bottles  on  the  perf  cnrated  bottom  of  the  dish,  eov^* 
the  pail  or  basin,  set  it  on  a  hot  store^  and  boil 
the  water  for  thirty  minntes.  The  heat  of  the 
steam  should  kill  most  of  the  bacteria  that  may 
liave  been  on  the  potatoes  or  elsewhere  in  the 
vessel.  The  process  of  killing  the  bacteria  by 
heat  is  called  steriliiiationj  and  the  apparatus  we 
used  in  this  instance  may  be  called  a  st^am 
steriliser. 

In  order  to  find  whether  all  the  bacteria  are 
killed,  leave  the  bottles  in  a  warm  place  for  twenty- 
four  hours,  and  steam  three  of  them  again  for 
thirty  minutes.  Wait  tatoQket  day  and  steam  two 
of  them  for  the  tiiird  time.  lAbel  all  tiio  bottles 
to  show  how  often  each  was  steamed.  Pat  thsm 
baek  into  the  vessel  and  keep  them  in  a  wana, 
dark  place  near  a  stove  or  a  radiat(»r. 

Look  at  the  bottles  from  time  to  time,  but  of 
course  do  not  remove  the  cotton  stoppers.  Yon 
will  probably  soon  see  moulds  growing  on  the 
potato  in  one  of  the  bottles.  Quite  likely  there 
will  be  bacteria  growing  there  as  well,  but 
these  you  cannot  see.  It  is  probable,  too,  that 
signs  of  decay  will  appear  on  one  or  two  of  the 
other  pieces  of  potato  on  which  no  moulds  de- 
velop. A  slimy  growth  may  appear  on  the 
surface,  wbieh  may  gradually  spread.  This  is 
due  to  the  growth  of  bacteria  on  'Hs  potato. 

Hot  steam  will  kill  most  bacteria  in  ^nekt 
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ordinary  condition,  in  a  short  time,  but  it  ii&b 
been  found  that  many  bacteiia  form  ttporea  which 
will  withstand  the  heat  of  boiling  water  for  a  long 
time.  If  bacterial  decay  takes  place  in  any  of  the 
bottles  which  were  steamed  once,  explain  the  etfect 
by  the  presence  of  spores  which  were  not  killed  by 
the  heat. 

Note  whether  either  moulds  or  bacteria  grow 
on  the  potatoes  which  were  steamed  two  or  three 
times,  and  account  for  the  fact. 

You  may  next  inoculate  a  slice  of  sterilized 
potato  in  a  sterilized  bottle  with  bacteria  from 
the  hay  infusion.  Take  a  long  needle  or  a  hat- 
pin and  sterilize  it  by  passing  it  several  times 
through  the  flame  of  a  spmt  lamp.  Aa  soon  as 
the  needle  is  cool,  dip  it  into  the  film  on  the 
surface  of  the  hay  infusion.  Hold  the  sterilized 
bottle  containing  the  potato  nearly  horizontal 
Remove  the  stopper,  draw  the  point  of  the  needle 
once  across  the  surface  of  the  potato,  and  replace 
the  stopper  at  ouce.  Expose  another  slice  to  the 
air,  by  removing  the  stopper  from  the  bottle  for 
five  minutes.  Obse  \re  these  two  cases  carefully, 
and  note  and  explain  the  results. 

Sterilize  some  water  by  boiling  it  in  an  enamelled 
cup.  As  soon  as  the  water  is  cool,  with  a  sterilized 
needle  take  a  small  drop  from  the  sur&ce  of  ^ 
hay  infusion  and  stir  it  in  the  water.  Sterilize  tiie 
needle  again ;  dip  it  into  the  water  and  touch  the 


Second  Ysab— Autumn  Lssbons  139 

sterilized  potato  at  a  few  points  with  the  pdnt  of 
the  needle.  Plug  the  bottle  immediatdy  with  ster- 
ilized ootton  wool  and  set  it  in  a  warm  place^  not 
in  direct  sunlight  Watch  to  see  what  the  result 

will  be.  If  you  used  water  enough  the  bacterial 
growth  at  each  spot  probably  came  from  a  single 
bacterium.  The  infected  spot,  although  quite 
small,  will  contain  a  whole  colony  of  bacteria, 
numbering  many  thousands,  for  bacteria  in  the 
active  state  multiply  with  wonderful  rapidity. 
Each  bacterium  being  a  single  cell  divides  in 
two  to  form  two  bacteria.  This  division,  under 
favorable  conditions,  takes  place  in  half  an  hour, 
and  if  kept  up  for  a  day  at  this  rate  one  bac- 
terium would  increase  to  many  millions.  Make 
the  calculation. 

The  colonies  of  bacteria  sometimes  differ  in 
color.  This  means  probably  that  they  belong  to 
different  species.  Some  species  of  bacteria  may  be 
distinguished  by  the  color,  shape  and  appearance  of 
their  colonies.  The  indi  vidual  bacteria  of  different 
species  differ  in  size  and  foim,  but  of  course  this 
cannot  bo  seen  without  a  microscope. 

Besides  aiding  in  the  decay  of  vegetable  matter, 
bacteria  often  attack  living  animals  and  plants, 
and  thus  cause  many  diseases.  Diphtheria,  tuber- 
culosis (oonsump^on),  typhoid  fevar,  and  many 
other  diseases  are  due  to  the  growth  of  bacteria  in 
the  body.  Each  disease  is  caused  by  a  different 
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species  of  bacteria.  The  bacteria  produce  poison- 
ous substances  which  spread  through  the  body  in 
the  blood.  Scientific  men  have  been,  and  are  still, 
trying  to  find  means  of  killing  these  disease- 
producmg  bacteria  or  stoppir  their  growth,  with- 
out killing  the  patient  who  is  suffering  from  their 
attack. 

Bacteria  are  often  called  germs  or  microbes. 
Qerm  diseases  can  be  transferred  from  one  person 
to  another.  The  disease  germs  may  pass  from  a 
diseased  person  to  another  through  the  air  or  by 

contact. 

Disease-producing  bacteria  are  frequently  found 
in  water  and  in  milk.  In  case  of  suspicion,  it  is 
wise  to  sterilize  the  water  before  drinking  by  boil- 
ing it.  The  milk  should  be  heated  to  155*  Fahr. 
for  twenty  minutes  and  then  cooled.  This  process, 
called  pasteurmnf/,  will  kill  the  disease-producing 
bacteria  in  the  milk. 

If  we  keep  our  bodies  clean  and  pure  and  our 
health  vigoi-ous,  we  are  much  less  liable  to  be 
attacked  by  the  bacteria  of  disease.  Cleanly 
habits,  enough  but  not  too  much  good  food,  daily 
exercise  in  the  open  air,  and  well-lighted  and 
ventilated  rooms  in  which  to  work  and  sleep,  all 
contribute  to  protect  us  from  the  attacks  of  these 
dangerous  germs,  and  to  fit  the  body  to  re»gt 
them  if  they  do  find  a  lodgment. 

But  we  must  not  forget  that  many  bacteria  are 
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useful  or  harmless.  Tka  bacteria  of  decay  are 
useful  in  removing  the  dead  bodies  of  plants  and 
animals.  The  soil  contains  great  numbers  of 
iMCteria  which  are  of  service  in  preparing  food  for 
the  higher  plants.  Borne  bacteria  cause  fermenta- 
tionsi  snoh  »n  aoetio  fermentation,  by  which  beer, 
wine  or  eider  is  oonverted  into  vinegar,  and  laotio 
fermentation,  by  which  the  sugar  of  milk  is  con- 
verted into  lactic  acid.  Bacteria  help  to  ripen 
cheese  and  impart  to  it  an  agreeable  flavor,  and 
in  many  other  ways  they  play  a  nsef ol  part  in  the 
economy  of  nature. 

1.  Make  a  coIIecti<m  of  qwdmeiu  from  the  home  and  Iron 
the  fields  and  woods  illustratitg  the  work  of  bacteria. 

2.  After  a  bottle  containing  a  solution  of  molasses  in  water 
has  undergone  alcoholic  fermentation,  set  it  aside  uncorked 
till  tiie  idintkm  smelb  like  vinegar  (acetk)  Mid  ioltttiOB). 
Test  with  litmus  paper.  Account  for  the  "^^^'iptj  aad  pofart 
out  what  became  of  the  alcohoL 
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Vm.    TEE  DOMESTIC  ANIMALS  OF  TBB  ROKB 

AlfD  FARM 

All  out  domesticated  animals  once  lived  the 
independent  life  of  wild  creatures,  maintaining  the 
struggle  for  existence  alone  by  their  own  powers 
of  self-preservation. 

The  dog  and  the  cat  were  domesticated  thousands 
of  yeai's  ago,  probably  before  there  was  any  wi-itten 
history,  and  while  man  was  still  a  savage.  The  dog 
is  believed  to  have  been  at  first  a  wolf  or  a  jackal, 
preying  perhaps  in  packs  upon  the  less  aggressive 
wild  animals  of  the  forest  and  the  open  plain.  He 
has  been  greatly  changed  by  his  long  association 
with  man,  and  has  developed  traits  which  seem  to 
be  quite  human,  such  as  his  evident  pleasoie  at 
being  praised  Indeed,  in  his  wann  response  to 
the  affection  of  his  master,  and  his  faithfohiets  to 
him  even  in  adversity,  he  displays  qualities  only 
too  rare  among  men.  In  earlier  ages  the  dog 
was  no  doubt  of  great  service  to  man  in  safe- 
guarding him  against  his  enemies,  and  assisting 
him  iu  the  chase. 

The  cat  retains  more  of  the  original  savage 
characteristics  of  her  wild  ancestors  than  ^<m  the 

m 
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dog.  Th*  Mt  has  don«  Mmfaktmbto  nrvioe  In 
ridding  man  of  mBta»  muu^  wagk  tm  miM 

and  rats. 

In  these  days,  however,  dogs  and  cats  are  in 

general  not  so  necessary  to  nai  Indeed,  in  many 

communities  cats  are  far  too  numerous.  They 
destroy  large  numbers  of  song  birds,  and  it  is 
probable  that  they  often  carry  the  germs  of  infec- 
tious diseases  in  their  frequent  visits  from  house 
to  house. 

Our  domestio  cows  and  oxen  are  descended  from 
the  wfld  oattle  which  onoe  roamed  over  the  plains 
of  the  Old  WorM,  as  did  the  buibloes  not  long 
ago  over  onr  western  pUdns.  During  many 
generations  they  have  oontribated  largely,  in  food 
and  clothing,  to  supply  the  needs  of  the  tribes 
and  nations  who  domesticated  or  adopted  them. 
The  ox  has  done  an  immense  amount  of  work  for 
man— hauling  the  cart,  dragging  the  plough,  and 
threshing  out  the  grain. 

Many  breeds  of  cattle  have  been  developed  in 
different  parts  of  the  world.  Some  breeds  have 
been  apecdally  adapted  for  producing  milk ;  others 
have  been  bred  chiefly  for  beef. 

The  theep  was  oii^jially  a  mountain  animal, 
active  and  snre-footed,  able  to  leap  frwn  cKff  to 
diff  and  scale  the  mountain  peaks.  Wild  sheep 
are  still  found  in  mountainoos  regions  in  both 
hemisphereft.    Sheep  formed  a  large  part  of  tiie 
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wealth  of  the  i  astorul  tribes  of  Asia  ages  ago. 
In  cold-terapeiute  c  entries  their  wool  is  indis- 
pousable  for  clothing,  aud  their  flesh  forms  a  lazge 
part  of  our  animal  food. 

The  horse,  the  nol-'ost  our  domestio  animals, 
was  tamed  in  very  em  i  /  times  by  8a\  age  peoples. 
He  has  kmg  been  e  l:y<  J,  both  in  peaee  aad 
war,  as  a  sonroe  of  jpeed  pud  of  power. 

liie  ancestors  of  the  inmestieivted  kone  wan- 
dered over  tiie  plaius  of  the  Ikfrtem  Gcmtiiient, 
bat  it  is  quite  doubtful  wheth^  the  original  wild 
horse  still  exists.  It  is  generally  believed  that  the 
modem  wild  horses  of  Asia  are  descended  from 
domestic  animals  which  have  esei^Md  from  the 
control  of  man. 

Thei-o  were  no  horses  either  wUd  or  tame  in 
America  at  the  time  of  its  disco verv  by  Columbus. 
Geologists  tell  us,  howevor,  that  tlic;  '  were  horses 
in  America  long  ages  ago,  but  that  they  died 
out  The  American  hcnraee  of  tito  present  day 
are  descended  from  tJiose  breoght  across  the 
Atkntic  suioe  the  year  I49SL 

Bi  ceding  for  speed  has  ffwmi  ns  tbe  raee-hfltse, 
while  breeding  for  power  has  devdoped  ili»draqg|it- 
horse  at  the  other  extreme.  Sorses  arr  aow  very 
commonly  used  for  general  faim  work,  .aking  the 
place,  as  a  beast  of  burden,  formerly  heid  \jf 
the  ox. 

The  useful  but  much  d^pised  pig    as  on  -e  » 
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ferocious  beast—a  wild  boar— in  ih»  f (mate  and 
jungles  of  the  Old  World.  As  a  domeatio  animal, 
all  that  is  required  of  the  pig  is  to  grow  fast  and 
fat,  on  such  food  as  its  owner  permits  it  to  have. 
It  has  accordingly  degenerated  in  self-reliance 
and  in  intelligence. 

The  species  from  which  our  domestic  fowls  are 
derived  can  still  be  found  in  the  wild  state.  The 
domestic  hen  came  from  a  species  of  wild  fowl 
wMeh  still  inhabits  Northern  India  and  other 
parts  of  Eastern  Asia.  Our  tame  ducks  are 
deaeeadfld  itom  the  wild  duck,  and  the  domestic 
goose  ttom  one  or  more  Q>eoies  of  the  migratory 
wild  geese  d  the  lastem  Oontinttit  The  toxkey 
is  a  native  of  America  and  is  stOl  found  wild  in 
ihe  southern  part  of  the  United  States  and  farther 
soath.  The  domestic  turkey  is  probably  derived 
mainly  from  the  Mexican  variety  of  the  wild 
turkey.  This  fowl  was  introduced  into  Enn^ 
soon  after  the  discoveiy  of  Mexico. 

The  Care  of  Domestic  Animals.  Since  man  deprived 
the  domestic  animals  oi  their  wild  freedom,  they 
have  largely  lost  their  powers  of  self-defence  and 
their  habits  of  self-reliance.  They  have  become 
depsndent  on  man  for  jnoteotion,  food  and  shelter, 
and  fraqnently  seffer  fnan  ^bt&r  owner's  neglect  to 
pmldt  lor  tiMlB.  This  k  nol  oBfy  ernsl  on 
pan  «l  tbair  owBsr,  but  is  always  a  eaasa  id 
teaneial  km  to  him.    Animals  wIM  ara  wiB 
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fed  and  cared  for  will  always  gire  thdr  maetera 

more  satisfactory  return. 

All  the  domestic  animals — like  human  beings — 
require  nourishing  food  containing  a  sufficient 
amount  of  carlx)hydrates  and  proteids  (not  for- 
getting enough  common  salt  to  supply  the  natural 
craving  of  the  animals),  pure  air  to  breathe,  pure 
water  to  drink,  clean  bodies,  exercise,  and  a  tem- 
perature at  which  they  can  be  comfortablr.  Our 
northern  winters  are  so  cold  that  they  all  need 
more  or  less  shelter  from  its  severities.  The  build- 
ings provided  for  their  shelter  in  wmter  should  be 
dean,  well- ventilated,  dry,  free  from  drann^ts,  and 
well  lighted  from  windows. 

It  is  very  important  that  tho  animals  shonld  not 
be  kept  too  warm.  Stables  for  cattle  and  horses 
should  be  kept  in  winter  at  a  temperature  ranging 
from  about  45*  to  55°  Fahr. 

Cattle  as  well  as  horses  should  be  groomed 
regularly  with  brush  or  comb,  and  their  stables 
should  be  provided  with  straw  or  other  litter  for 
bedding.  Sheep  demand  greater  freedom  than 
eattle,  and  their  warmer  coats  protect  them  better 
frma  severo  eokL  They  may  be  allowed  to  ran 
freely  in  and  ont  of  their  sheds,  except  at  night. 

Ponltry-honses  dioald  be  of  ]i|^t  efostmotion. 
The  same  conditions  as  to  drang^ti,  THrtlhitiim, 
]^iktf  cleanliness  and  dryness  apply  to  tlian  as  to 
th«  ftablas  for  ealttob   ht  eold  Tnnthw  pootey, 
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Mke  other  animals,  require  a  warmer  place  in 
▼hieh  to  sleep  than  they  need  for  exercise  and 
free  movement,  but  the  temperature  should  never 
be  above  the  point  of  oomf <»1;. 

Hens  are  fed  mostly  on  gram— wheat,  com,  and 
oats— but  also  require  some  softer  food,  and  also 
green  food.  In  fatiemng  fowls,  food  for  the  morn- 
ing moal  may  bo  prepared  by  boiUng  together  dean 
vegetables  of  nearly  any  kind,  and  stirring  in  com 
meal,  bran,  ground  oats  and  ground  meat,  with  a 
little  salt— till  the  whole  mass  is  quite  firm  and 
diy.  Fresh  clover  makes  good  gi'een  food.  Bones 
and  meat  shaved  in  a  bone-cutter  make  a  valuable 
addition  to  the  food  of  laying  hens,  but  must  not 
be  fed  too  often  or  in  too  large  quantity.  An 
onnoe  to  each  hen  is  enough  at  a  time.  Poultry 
'•quire  pure  firesh  water  {warm  in  winter)  and 
gravel  or  sharp  grit^  as  regulaily  as  they  need  food. 

The  same  inrindples  as  to  care  and  food  apply 
in  the  management  of  aU  kinds  of  fowis;  but  in 
carrying  out  these  prix^pies  we  must  hasp  in 
mind  the  natural  oharaoteriirtics  and  hi^ts  <tf  tlie 
different  species. 

Poultry -keeping  is  very  profitable  if  well 
mana^vi  The  necessary  knowledge  and  skill 
can  oi  V  gained  by  experience,  but  the  reading 
of  goc  jooks  and  newspaper  articles  on  the 
subject  will  shorten  the  time  needed  in  acquiring 
•ipoienoe,  and  lessen  the  loss  doe  to  wi^^tftkm 
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We  Biust  iiot  forget  to  mention  our  dcnnesHoftted 

insect,  the  honey  bee.  These  busy  little  creatures 
do  well  in  favorable  localities,  when  nnder  the 
care  of  someone  who  will  take  the  trouble  to 
study  their  habits  and  their  needs. 


a.  THB  COMPOSZTIOH  AHD  CARS  OF  MILK 

Jfaterial. — A  pint  or  two  of  milk,  a  sample  of  milk  sugar, 
a  little  eactmet  of  rennet,  hydnN^lorie  aekl,  vinegM',  Utmw 
paper,  a  muslin  strainnr,  tnmblen,  bottlea,  tspootm,  mUMXkd 
caps,  a  spirit  lamp. 

You  do  not  remember  it,  but  you  must  admit 
the  fact  that  during  the  eat'liest  weeks  or  months 
of  your  life  your  food  consisted  entirely,  or  almost 
entirely,  of  milk.  Indeed  the  young  of  all  mam- 
mals— those  animals  next  below  human  beings  in 
the  scale  of  existence — are  fed  on  milk  alone  for 
some  time  after  birth. 

It  is  evident,  then,  that  milk  must  be  a  nourish- 
ing food,  and  that  it  must  contain  all  the  substances 
neoesBary  for  building  up  bo&e»  muscle,  nerves, 
tain,  and  the  other  tiasaei  of  the  animal  body. 
Let  us  try  to  find  by  eiperunent  some  d  the 
sabstanees  ot  wMeh  xoilk  is  made  up. 

Set  some  fresh  milk  aside  in  a  narrow  bottle 
for  a  few  hours  until  it  separates  into  two  layers. 
The  layer  which  forms  at  the  top  is  oalled  crMmk 
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OompoM^  by  actual  measoremoitSy  the  depth  of 
the  cream  with  that  of  the  mi]k  below  it  B^m 
off  the  cream.  The  milk  remaining  after  the 
removal  of  the  cream  is  called  skim  milk.  Try 
which  feels  more  oily— the  skim  milk  or  the 
cream— and  which  will  give  the  better  oil  spot 
on  paper. 

We  see  that  the  greater  part  of  the  oil  in  milk 
has  risen  toward  the  surface  and  is  now  in  the 
cream.  The  oil  in  the  milk  is  not  dissolved  there, 
but  ezists  as  veiy  smaU  solid  globules  which  can- 
not be  seen  without  a  microso(^  The  oil  of 
milk  k  called  hUter  JkL 

Ton  know  thirt  oils  are  lighter  than  water,  aad 
you  can  easily  show  by  shaking  any  oil  vp  witib 
water  that  it  will  not  dissolve  in  the  water,  bat 
will  soon  rise  to  the  top  when  the  water  becomes 
still.  This  explains  why  the  globules  of  fat  rise 
to  the  top  in  the  milk.  They  are  not  dissolved 
like  the  other  solids  in  the  milk,  and  being  lighter 
than  water  they  tend  to  rise.  The  cream,  how- 
ever, is  not  pure  fat.  It  is  only  milk  which  is 
very  much  richer  in  fat  than  the  skim  milk,  and 
oQ&tains  in  less  amoont  the  other  constituents  of 
^  milk. 

When  we  agitate  the  cream  m  a  ekasm  the 
constant  mo^m  csosm  ^  i^oMaa  ol  ^  to 
stick  together  and  form  gralaa  of  bstler*  7Im 
butler  ia  taken  oat  ol  the  dram  whoa  tiw  p^M 
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get  to  be  aboat  as  large  as  wheat  graina.  The 

part  of  the  cream  which  remains  after  the  batter 
is  taken  out  is  called  the  buttermilk.  One  hundred 
pounds  of  good  average  milk  should  yield  about 
20  lbs.  of  cream,  and  20  lbs.  of  cream  shoold  yield 
about  4i  lbs.  of  butter. 

The  butter  itself  is  not  pure  fat,  but  contains  in 
sinall  proportion  all  the  other  substances  found  in 
milk.  The  buttermilk  should  contain  very  little 
ta,t,  but  all  the  other  constituents  of  the  original 
milk  aie  represented  in  it  ButtOTmilk  is  a  nourish- 
ing and  very  digestible  food. 

Heat  a  little  milk  in  a  cup  or  a  test  tube  till  a 
skin  forms  over  the  surface.  You  can  reoatt  ike 
fact  that  the  albumen  dissolved  in  potato  Juke 
was  solidified  by  heating  the  juice.  Similarly  the 
albumen  in  milk  is  solidified  (coagulated)  by  heat. 
The  tough  skin  formed  on  tho  milk  by  heating  it 
is  not  pure  albumen,  however,  for  some  fat  and 
other  solids  of  the  milk  are  entangled  with  it. 

Warm  a  tumbler  of  fresh  milk  till  its  tempera- 
tore  is  about  that  of  the  human  body,  and  add 
anoQi^  extnet  of  ramet  to  curdle  it.  The  sub- 
stance which  was  solidified  (coagulated)  by  the 
rennet  is  called  ouoh,  CSasdn,  like  aibsmn^  is 
a  proteid.  It  is  the  jnincipal  prc^md  in 
The  white  curd  or  clot,  howeveri  is  nnt  iiriiii|iiiijLiI 
of  casein  alone,  for  when  tlia  eas«n  eoapArtii 
tba  fat  and  albuomi  wero  eaai^i  or  nnfinglwt 
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in  tiM  elot,  M  mSi  as  a  portion  of  the  other 
sabstanoes  in  milk. 

Sqneeie  the  liquid  out  of  the  dotted  ndlk 
through  a  thin  cloth  into  a  bowl  or  cup.  This 
liquid  is  called  wheif.  The  curd  in  the  doth,  if 
properly  pressed  and  enred,  would  be  dkeesa. 

Taste  the  whey  and  evaporate  some  of  it  very 
slowly  to  dryness.  The  whey  has  a  very  watery 
appearance.  Catch  in  a  cold  tumbler  some  of  the 
vapor  which  escapes  during  the  evaporation,  and 
identify  it  by  touch  and  taste.  You  will  find  that 
whey  is  mostly  water,  and  since  the  water  in  the 
whey  was  first  in  the  milk,  milk  must  consist 
diiefly  of  witer.  Indeed  seven«^ighths  of  milk  by 
weight  is  water. 

^t  what  makes  new  milk  sweet  t  You  may 
call  ^  sweel  substmee  mUk-sitgary  and  since 
most  of  the  sugar  remains  in  tlie  whey,  milk- 
sugar  is  obtained  by  ^  evi^Bonitlim  of  whey. 
Find  whether  milk-sugar  is  moi«  or  leas  8w«at 
than  ordinary  sugar. 

Set  some  fresh  milk  aside  in  a  warm  place  till 
it  curdles ;  then  taste  it,  and  test  it  with  litmus. 
The  acid  which  formed  iu  the  milk  is  called  lactic 
acid  It  is  formed  from  the  milk-sugar  through 
tiie  action  of  a  kind  of  bacteria.  Try  whether 
hytedlkRc  «3d  and  vinegar  (dilute  acetic  acid) 
^  Mi^Ealata  the  caidn  as  ketb  acid  does. 
fiMiftfiMaof  Ml  iB  *  will  ^  or  a  spoon 
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until  all  th«  mftterial  whiub  will  evaporate  or  bom 
has  disappeared.  The  remainder  is  mostly  the 
ash  or  mineral  matter  of  the  milk,  Tou  may  not 
be  able  to  bum  out  all  the  charcoal,  and  therefore 
the  ash  will  look  black.  The  ash  of  milk  is  made 
up  of  various  salts,  one  of  which  is  phosphate  of 
lime  (calcium  phosphate),  which  is  the  principal 
constituent  of  the  bones  of  animals. 

A  gi-eat  many  kmds  of  bacteria  are  liable  to 
get  into  milk  and  multiply  rapidly  there.  Some 
of  these  produce  changes  in  the  milk  which  spoil 
it  for  drinking  and  for  the  making  of  batter  and 
cheese.  Some  disease-prodadng  bacteria  multiply 
r^;ndly  in  milk  if  tiiey  gun  admission,  and  render 
it  very  dangerous  to  drink. 

It  is  possible,  however,  to  secure  a  regular  suf^y 
of  good  clean  milk.  The  cows  must  be  free  frvHn 
disease.  They  must  bo  kept  in  a  healthy  condition 
by  good  food  and  intelligent  care.  The  utmost 
cleanliness  is  indispensable.  Then*  stables  should 
be  well  ventilated  and  well  lighted.  They  should 
have  enough  pure  water  to  drink.  They  should 
be  brushed  regularly,  but  not  at  'l  ilking-time,  as 
the  dust  contains  many  forms  of  bacteria.  Less 
dust,  and  therefore  fewmr  bacteria,  will  fall  into 
tlM  milk  if  the  uddor  and  adjoining  parts  aie 
wiped  with  a  damp  doth  Jui^  befmre  ik»  cow  is 
milked. 

The  room  and  all  the  vessels  in  wfaidi  «ha  t«nv 
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is  kept  must  be  ■cmpiikmily  cImil  Wlwvvtr 
there  is  dost,  dirt  or  decay,  flitra  art  bMlwia. 

All  the  vessels  used  in  holding  or  transfeaning  llie 

milk  should  be  thoroughly  washed  with  warm 
water  and  soap  after  being  used  and  then  scalded 
with  hot  water  before  they  are  dried.  The  same 
thorough  cleanliness  must  be  obsei-ved  thi'ough- 
out  the  processes  of  cheese-making  and  butter- 
making. 

Everyone  who  sells  or  uses  milk  and  its  prod- 
ucts slunild  keep  f uUy  infonned  on  the  methods 
by  wiMk  they  may  reach  the  table  in  tlie  best 
oondition.  The  details  of  these  methods  are  given 
in  books  and  bulletins  on  dairying; 
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MateriaL — Spirit  lamps,  dilate  hydrochloric  (mariAtio)  add, 
liflM-wster,  *  Httia  vnafaieind  liiM,  red  Htmus  paper,  test 
tubeo^  widMBOuthed  bottles,  knives  or  pointed  pieces  of  steel, 
fine  iron  win^  wooden  test  itiokiismaUbcnrlst  a  cheap  bahiMt. 

Each  member  of  the  cUbs  shoold  be  snpplied  with  •  few  ymW 
fngmmte  of  limeetone,  and  one  leigwr  pieee.  If  ocdinaiy  UsMlana 
ewinot  he  obtained  in  the  loeattlgr*  waste  ■■l%le  wffl  aoeww,  iiase 
BMtffale  is  »  wistgr  of  ItesilMSk 

Try  whether  limeetoiM  is  hard  wmf^  to  sorateh 
glass  or  soft  enough  to  be  easily  seratohed  wfi& 
a  knife.  Notice  its  streak,  that  is,  eohxr  of  ^ 
powder.    This  is  found  by  fliaipiy  r*riiHiing  it 
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with  something  which  has  a  hard  point  A  littte 
powder  is  left  lying  in  the  groove  thus  made. 

Put  a  drop  of  hydrochloric  acid  on  the  stone. 
If  it  is  reaUy  limestone,  bubbles  of  gas  will  arise 
from  it  wherever  the  acid  touches  it.  These 
properties  win  enable  you  to  distbguish  limestone 
of  any  variety  from  other  minerals. 

Procure  a  piece  of  fine  iron  at  sM  wire  (florist's 
wire),  and  bend  one  end  of  it  into  the  form  <tf  a 
eatch  to  hold  a  very  maU  (km  fragment  of  lime- 
stone. Hold  this  bit  of  limestone,  by  means  of 
the  Tvire,  in  the  hottest  part  of  the  flame  of  a 
spirit  lamp,  and  keep  it  glowing  tbcro  for  about 
five  minutes,  or  till  the  thinnest  part  of  it  looks 
white  and  lustreless  when  cool.  Observe  that 
neither  the  limestone,  nor  the  white  substance 
produced  fi*om  it  by  the  heat,  will  bum.  When 
it  becomes  cool,  drop  the  fragment  from  the  wire 
npon  a  piece  of  red  litmus  paper,  and  wet  it  and 
the  paper  with  a  drop  of  water.  Ton  will  soon 
notice  a  dedded  ehange  of  oolor  in  the  paper. 

Try  whether  a  pisee  <^  limMtone  whioh  has  not 
been  heated  will  act  <m  the  litmus  in  this  maniMr; 
also  try  a  bit  of  lime. 

You  will  find  that  the  white  powdery  substance 
produced  by  heating  the  limestone  resembles  lime 
in  its  physical  properties,  and  acts  on  damp  red 
litmus  paper  as  lime  does,  from  which  we  may 
conclude  with  sonie  certainty  that  the  dull  white 


sabstance  is  lime.  So  by  heating  a  pieoe  of  limt- 
stone  we  have  obtained  a  little  lime. 

Put  a  teaspoonful  of  small  fragments  of  lime- 
stone into  a  test  tube  or  a  small  bottle.  Add  a 
Uttle  wat«r  to  the  limestone  and  observe  whether 
any  visible  effect  is  prodnoed.  Pour  the  water  ofl^ 
and  add  eiiOQc^  dilate  bydroohkxrio  aeid  to  cause 
an  active  bubbling.  Hold  the  test  tube  or  bottle 
so  that  the  gas  as  it  issues  may  fall,  if  heavier  than 
air,  into  a  small  wide-mouthed  bottto. 

Since  a  burning  stick  is  at  once  extinguished 
the  gas  which  sank  into  the  bottle,  and  lime-water, 
when  shaken  through  it,  is  turned  white  or  milky 
in  appearance,  it  is  evident  that  the  gas  which 
is  set  free  by  the  acid  is  carbon  dioxide.  Since 
hydrochloric  acid,  as  its  name  implies,  is  made  up 
of  the  elements  hydrogen  and  chlorine,  this  carbon 
dioxide  must  have  come  out  of  the  limestone. 

CBnoe  by  heating  limestcaie  we  get  lime  out  of  it, 
and  by  treating  limestcme  with  hydrochloric  acid 
we  set  etitbcm  dioadde  free  from  it,  we  conclude 
that  limest(»e  omtains  the  demmts  of  both  lime 
and  carbon  dioxide. 

We  know  the  elements  of  carbon  dioxide^  Imt 
not  those  of  lime ;  so  we  will  try  to  find  the  com- 
position of  lime.  Break  into  powder  a  small  piece 
of  lime,  and  add  enough  hydi-ochlorio  acid  to  dis- 
solve it  entirely  or  partly.  Make,  at  the  end  of  a 
fine  iron  wire,  a  close  coil  lai^  enough  to  contain 
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a  drop  of  the  solution,  and  hold  the  drop  in  the 
flame  of  the  spirit  lamp.  You  should  obtain  a 
red  flame  color. 

Note  tiiat  a  drop  of  the  acid  in  which  no  linM 
has  been  dissolved  will  not  color  the  flame  red; 
therefore  the  red  color  must  be  due  to  Mmethuig 
in  the  lime.  The  nibetanee  in  the  Mme  whieh 
produoee  the  red  flame  eolor  ia  eeOed  eatoMm,  It 
has  been  fooxid  to  be  a  metal  someirhat  reaonbiing 
silver. 

But  lime  is  evidently  not  composed  entirely  of 
calcium,  for  lime  is  a  dull,  crumbly  substance 
without  a  metallio  lustre,  bearing  no  resemblance 
to  a  metal. 

We  have  seen  that  lime  ynil  not  bum  any  more 
than  carbon  dioxidt  will,  and  the  reason  has  been 
found  by  chemists  to  be  the  same.  Carbon  dioxide 
will  not  bum,  that  is,  will  not  unite  with  the  ociy 
gen  of  the  ah-,  because  the  carbon  in  it  ia  already 
chemically  united  with  oxygen,  and  ao  lime  wiU 
not  bum  beosuae  the  ealdnm  in  it  ia  already 
united  with  oxygen.  Aa  lime  ia  a  oooqponnd  of 
AAimntw  and  oxygen,  its  chemi^  name  ia  cakmm 
oxide. 

Limestone,  then,  is  made  up  of  calcium  oxide 
and  carbon  dioxide,  that  is,  of  the  elements  cal- 
cium, carbon  and  oxygen.  Hence  the  chemical 
name  of  limestone  is  calcium  carbonate.  The  first 
word  of  this  name  indiciates  the  metal,  the  first 
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P»l  «f  tht  Moond  word  tlit  <»rtx)ii,  and  the 
•Bdiaft  ate,  the  thlid  fimtmt,  ozyfm. 

Limertone  is  frequently  eiOled  ouboniite  of  lime, 
because  it  is  a  carbonate  idiieh,  irhm  hefttod,  yiel^ 
lime.  The  lime  of  coDMuerce,  put  up  in  casks,  is 
obtained  by  heating  some  form  of  limestoie- 
carbonate  of  lime-in  a  lai^  foniMO  osUed  a 
lime-kiln. 

Weigh,  or  balance  on  a  scale,  a  lump  of  hme  in 
tte  bottom  of  a  bowL  Soak  the  lump  of  nnslacked 
Hme  (quicklime)  in  water  untU  it  ceases  to  give 
oSlmW^  of  air  from  its  pores,  then  promptly 
i^lwe  it  in  the  bowL  The  Kme  will  soon  b^ 
come  quite  hot,  but  neither  free  hydrogen  nor 
free  oxyg«  is  given  off;  as  you  can  pioTO  witha 
t«5t  Stick. 

Ai.  w  the  mass  to  bee  .  >  .--ol  and  pwfee^ 
dry.  Fou  will  find  that  ^  3  :  ■  slacked  linM 
weighs  more  than  the  Imr.^;  .,tf  anslaeked  lime 
did. 

Since  neither  the  hydrogen  nor  the  oxygen  of 
tte  water  was  given  off,  the  lime  must  bave 
<^mically  united  with  some  or  .  M  of  the  water 
itoei^  that  is,  vith  both  eteneat;*  of  the  water- 
thus  misgmmag  ia  Water-slacked  lime, 
then,  IS  c<»iipoeed  of  lime  and  watw  ahemically 
united.  It  is  ^i^<»e  eokiim  htindt. 
You  can  see  that  this  moBe  ^^oBtst  ih**  tiuw 
elements  in  the  watei^siA^ed 
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Shake  a  spoonful  or  two  of  the  dry  calcium 
hydrate  through  a  bottle  of  water,  and  let  the 
mixture  stand  till  the  water  becomes  clear.  Taste 
the  clear  liquid  and  test  it  with  red  litmus  paper. 

The  taste  and  the  change  in  the  color  of  the 
litmus  indicate  that  the  water  has  a  base  dis- 
solved in  it.  This  base  can  be  none  other  than 
the  calcimn  hydrate,  port  of  whieh  most  have  dis- 
solved in  the  water  while  the  rest  settled,  as  yoa 
see,  to  the  bottom,  because  there  was  not  water 
enough  to  dissolve  it  all.  The  clear  solution  of 
calcium  hydrate  (water-slacked  lime)  in  water  is 
called  lime-wafer. 

Dissolve  a  little  limestone,  lime  and  A'-ater-slacked 
lime,  separately,  in  hydrochloric  acKi,  and  take  a 
flanio  test  in  each  case.  You  will  always  obtain 
the  same  flame  color.  We  have  said  that  the  metal 
to  which  this  color  is  due  is  called  calcium,  but 
you  have  not  seen,  and  cannot  (^.>*,  tlie  calcium  in 
these  three  substances,  because  in  each  it  is  ehraoi- 
cally  united  with  one  or  two  oilier  demote. 

1.  What  invisible  substance  passes  off  into  the  aii-  when 
]roa  hwt  limestone  intensely  1  Give  a  reason  fyr  your  answer. 

2.  Why  will  limestcme  not  barn  1 

3.  Which  weighs  more,  the  limestotw  or  tha  UflM  whieh 
may  h»  obteined  from  itt  Whyl 
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J/o/ma/.— Fine  garden  soil,  black  peaty  mO  or  leaf-mooid,  a 
pail  (.r  basin,  wide-monthed  bottles,  Hpirit  lamps,  lime-water, 
pfeces  of  glass,  lamp  chimneys,  cotton  wof»l.  SpeeioMM  of 
mliftUn  (nitrate  of  potash)  and  til  nitivte  of  soda. 

Put  about  a  tablespooiiful  of  flue  garden  soil 
into  a  wide-mouthed  bottle.  Add  water  and  mix 
tlie  sdl  and  wito  together  by  stirring.  Pour  off 
tha  mnddy  water  into  a  lai-ge  vessel,  mix  more 
watw  with  the  raridne  1^  in  the  bottle,  and  pour 
<M  the  mnddy  water  again.  Repeat  this  procew 
until  ih»  watw  which  you  poor  off  is  nearly 
clear. 

Let  tiie  large  vessel  stand  for  aevenl  days  until 

the  muddy  water  l)ecomes  clear.  Pour  off  um 
clear  water,  and  set  the  vessel  in  a  warm  place 
till  the  sediment  Ijecomes  dry.  Also  set  aside  the 
bottle  in  which  the  water  and  the  soil  wei-e  mixed, 
until  the  part  of  the  soil  which  remained  k  the 
bottle  is  dry. 

ITpon  comparing  the  two  parts,  into  which  you 
sepaiated  the  aoa  by  means  of  the  water— that  is, 
the  portion  in  tiie  bottle  and  the  portion  in  the 
large  veesel  — you  will  fli^  one  mneh  coarser 
and  hardier  to  ^  ioook  than  tiht  The 
coarser  giitty  malefial  reMhlea  sand;  the  finer 
looks  like  impure  clay.  If  your  tampla  ef  aott 
yields  about  eqnal  weights  of  saed  and  clay,  yon 
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may  call  the  soil  a  loam.  If  the  sand  is  muoh 
heavier  than  the  clay,  the  soil  was  a  sandy  loam ; 
but  if  the  clay  was  considerably  heavier  than  the 
sand,  you  had  a  sample  of  a  clay  loam. 

Pure  clay,  however,  is  white,  as  you  may  see  it 
in  day  pipes  and  other  arti?le8  made  of  white 
day.  Pkobably  the  clay  yoa  obtfttiMd  fri»i  tbt 
gMrdem  loii  lodn  quite  daik.  If  yon  plaet  a 
■maU  piece  of  fh»  daik  eky  w  ot  hti-mMM  im 
an  iron  spoon  or  in  a  tmaQ  eoil  of  wii%  and  heal 
it  in  the  flame  of  a  spirit  lamp,  you  will  find  that 
it  will  glow  like  a  piece  of  charcoal  woidd  do^  and 
thbt  the  black  substance  slowly  bumi  awegr,  leav- 
ing the  residue  grayish  in  color. 

If  you  could  collect  the  gas  produced  by  the 
burning  of  this  dark  substance,  you  would  find 
that  carbon  dioxide  is  produced.  Both  the  dark 
ooior  and  the  manner  in  which  the  substance 
tmiBs  indicates  that  it  contains  carbon. 

Tim  dtA  nibslaiiee  whioh  is  so  abundant  in 
eoBM  eofis  as  to  BMke  tiiem  aearly  Uaek  it  eeiid 
kmmu,  Yo«  wii  ckmtf  tluil  ^  ie  mam  evidei^ 
in  soiki  where  laift  yairttiei  ej  ▼eteteble  miltw 
have  been  slowly  deoafii^  m  daap  plann,  as  la 
woods  and  boggy  lards.  Hmnus  is  largely 
plied  to  gardens  and  onlMvated  Aekte  ia  tfa^  form 
of  barnyard  manure.  This  manure  is  simply 
vegetaole  matter  — hay,  grain,  ele.  — whieh  the 

Iffliyn^la  (Jid  QOt  ftBHimilfttfl 


H  HUil  Im  MBflBllMndy  boWfllfW)  ttttk  ^'IfflWBf 

does  not  consist  entirely  of  ^  evlMa  «f  ^ 

decaying  plants.  It  contains  in  some  proportion 
the  other  elements  of  the  carbohydrates  and  tbe 
proteids  of  which  plants  are  mainly  composed. 
You  have  not  forgotten  that  carbohydrates  onsist 
of  carbon,  hydrogen  and  oxygen,  and  that  proteids 
contain,  besides  these  throe  elements,  two  others, 
nitrogen  and  sulphur.  Some  proteids  also  contain 
phosphenu.  Compounds  of  phosphorus,  called 
I^osphates,  arc,,  therafore,  neeeesary  constituents 

of  every  fertile  aoi,  M  alee  «w  tteee  M^mk 
of  sulplrar  eeBed  ni^ptetee. 
The  humus  in  the  soil  is  ose  eoone  wiMee  Hie 

growing  plants  obtain  the  nitrogen  wiaeli  ttif 
need  for  making  proteids.  The  higher  ^miM,  w 
are  told,  cannot  use  the  nitrogen  (d  the  humu% 
nor  tLo  free  nitrogen  of  the  air.  The  nitkifying 
bacteria  found  in  all  good  soils  render  the  nitrogen 
of  the  humus  available  to  the  higher  plants  by 
using  it  to  form  nitrates.  The  nitrates  being 
soluble  in  water  are  absorbed  by  the  root-hairs 
«f  iBgher  plants,  and  the  nitrogen  of  these 
ailiKiM  ii  wed  by  the  plant  in  the  manufac- 
taM  ef  iwetnidi,  tmk  m  tlOsamm,  fOaOm  mi 

Examine  the  dry  eead  yon  dMifaMd  ium  ^ 
eoiL  TouwiUfindliMliliiftB^efeuieofMliiBl 

11  ^        ^  * 
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very  hard  one,  called  quartz.  It  in  usually  whit© 
and  opaque-  then  called  milky  quartz — but  often 
it  is  colorless  and  transparent,  resembling  glass 
but  harder.  Indeed  it  ^v^ll  not  only  scratch  window 
glass,  but  it  is  harder  than  ordinary  steel ;  so  your 
knife  will  not  cut  or  scratch  it. 

Try  whether  you  can  find  any  of  this  hard 
mauanl  in  the  sand.  Quite  likely  you  will  find 
other  minerals  88  well  The  yellow  and  red  colors 
yon  notice  in  soik  are  uaoally  doe  to  the  presence 
of  iron  mst,  which  is  an  oxide  of  iron*  A  yery 
small  amount  of  this  oxide  of  iron  in  a  mineral 
or  in  a  soil  will  impart  to  it  a  reddish  or  yellowidi 
color. 

Next  examine  the  clay.  It  is  not  pure  clay  at 
all,  else  it  would  be  white.  It  was  pointed  out 
before  that  it  probably  contains  more  or  less 
humus,  but  humus  is  vegetable  matter.  If  you 
could  tost  the  particles  of  clay  separately  you 
would  probably  find  more  minerals  in  the  clay 
than  in  the  sand. 

Drop  a  little  hydrochloric  acid  on  the  dry  day 
and  on  the  sand.  If  bnbldee  of  gas  are  set  free 
in  large  amonnt  yon  dioold  pat  mmd  of  tiie 
soil  into  a  test  tnbe  or  a  smaU  botUe,  treat  it 
with  the  acid,  and  empty  the  gas  into  a  botUe 
containing  a  little  lime-water.  Upon  shaking  tiie 
lime-water  through  the  gas  you  will  at  once  know 
what  gas  it  is.   This  is  the  gas  which  the  acid  sets 
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trm  from  Hmeitone  (eailxmsto  of  Hme^ — a  veiy 
vftlnaUe  eomtitiiciit  of  the  soil  A  Miil  wUdk 
oontains  a  large  proportion  of  eoflweate  ef  Ha* 

IB  called  a  calcareous  soiL 

We  now  see  that  the  soil  is  a  mixture  of  different 
minerals  in  a  fine  state  of  division,  together  with 
a  greater  or  less  amount  of  partially  decayed  dark- 
colored  vegetable  matter  called  humus.  Of  course 
the  soil  contains  many  minerals  other  than  thofle 
we  hftve  mentioned. 


1.  D&fim  fmpwimenti  to  Aow  the  itiHiiMiiiii  ImIvmk 
clayey  and  sundy  (toils  in  allowing  valar  to  itoic  thm^ 
them  and  to  riw  through  them. 

i.  1^7  whether  humus  makes  any  differenue  in  the  power 
<if  a  aoa  to  afawrb  or  liold  water. 

3.  Find  whether  nitrate  ot  potedh  Md  nitiste  of  aoda  ■>» 
readily  soluble  in  water. 

4.  Mix  a  little  dry  powdered  leaf-moitld  with  a  teaspooolal 
of  powdmd  Ubm.  Biat  the  nixton  in  a  teal  tofae.  SoMil 
the  esoasbc  mm  aad  note  its  eflbot  oa  Ht»M  

ExpUun. 

6.  Try  to  find  how  the  noils  in  your  neighborhood  ware 
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HL  Ant  ARD  WATER  IIT  THE  SOIL 

Material.— Some  garden  noil,  flower-pots,  pickle  bottles  or 
Other  wide^novtlMd  bottlei,  an  enameUed  cup,  a  miaU  bann, 
beans,  peas  or  other  laifs  Med%  imanaelled  evpe  or  teat  tabes, 
square  pieces  of  glass. 

Fill  two-thirds  of  a  quart  bottie  with  OTdinary 
■oil,  and  shake  the  Boil  down  well  Qidokly  poor 

enough  water  upon  the  soil  to  cover  the  surface 
of  it  to  the  depth  of  an  inch  or  two.  How  do 
you  account  for  the  large  number  of  bubbles 
which  rise  through  the  water.  How  could  so 
much  air  find  room  in  the  soilf  Add  water  to 
the  soil  till  the  air  ceases  to  rise.  What  now  fills 
the  space  which  had  been  occupied  by  the  air! 

nil  two  flower-pots  with  garden  soil  of  the 
same  quality,  and  germinate  a  few  seeds  in  each 
pot  Bet  tba  pots  in  a  warm  plaoei  and  keep  the 
soil  moderately  damp.  Wl^  the  plants  are  well 
started,  saturate  the  soil  in  one  of  the  pots  with 
water  to  exclude  the  air,  and  keep  it  satniated  by 
setting  the  pot  in  a  basin  of  water.  Keep  tiie  soO 
in  the  other  pot  slightly  moist,  but  not  wet  enough 
to  exclude  the  air.  After  a  time,  you  should  see 
a  decided  difference  between  the  plants  in  the  two 
pots.   Describe  and  explain  the  difference. 

You  should  recollect  here  that  plants  breathe, 
and  therefore  require  oxygen  fi-om  the  air.  As 
plants  are  composed  of  cells,  we  must  suppose 
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that  not  only  the  cells  in  the  lemt  but  those  in 
the  roots,  as  well  as  in  the  other  parts  of  the  plant, 

require  oxygen.  We  can  see,  then,  that  when  the 
spaces  between  the  particles  of  soil  are  filled  with 
water  the  roots  may  suffer  for  lack  of  the  oxygen 
that  they  might  have  got  from  the  air.  "We  will 
learn  that  the  air  in  the  soil  is  useful  to  the  plants 
in  othor  ways.  Plants  which  live  under  water 
can  obtain  oxygen  enough,  as  fishes  do,  from  the 
air  disK»lTed  in  the  water,  but  tiiis  is  not  tme  of 
land  plants. 

The  last  ezperim^it  emphasiies  the  importance 
of  drainage  in  the  case  of  aU  soils  whieh  are  lia^ 
to  remain  soaked  with  water  for  a  considMaWe 
tune  after  rains.  The  drains  carry  off  the  surplus 
water,  and  allow  the  air  to  penetrate  the  soil  and 
occupy  the  spaces  between  the  soil  particles. 

It  seems  strange  that  plants  can  live  so  long 
without  rain,  in  dry  soil.  If,  however,  you  put 
very  dry  soil  into  an  enamelled  cup  and  heat  it 
you  will  find  that  water  will  rise  out  of  it  in  the 
form  of  steam,  and  cond«ue  on  a  piece  of  glass 
laid  upon  the  month  of  the  cnp. 

Yon  have  noticed  too  that  when  people  dig 
deeply  into  the  earth  tiiey  sooner  or  later  readh 
water.  Mach  of  the  soil  water  rises  gradnaUy,  by 
oajHllMy  attraction,  towards  the  surface— «b  oil  rint 
in  a  lamp- wick— and  supplies  the  roots  of  plants, 
even  in  very  dry  seasons,  with  water  from  beiow. 
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Were  it  not  for  this  underground  supply  all 
vegetation  would  cease  in  long  periods  of  drought, 
for  plants  require  large  quantities  of  water.  They 
need  water  for  making  carbohydrates — such  as 
stai'ch,  sugar  and  wood—all  of  which  consist  of 
carbon  and  water.  They  need  it  for  making 
proteids,  which  contain  the  elements  of  water, 
and  for  the  sap  in  which  the  food  of  the  plant 
most  be  dissolved.  Indeed  the  plant  mnsl  take 
in,  dissolved  in  water,  all  the  food  material  ab- 
sorbed by  the  root-hairs.  We  know  that  1^  plant 
requires  much  more  water  thtin  it  retains  within 
its  body,  for  we  have  seen  how  rapidly  water  is 
given  off  in  transpiration  by  the  leaves  of  plants. 


SPRING  LESSONS 


Zm.  THB  PBOPAOATIOV  W  PLAITS  FROM  BDD6 

Flowebinq  plants  are  usually  multiplied  by 
means  of  seeds.  Every  perfect  seed  contains  a 
little  plant  which  is  capable  of  developing  under 
suitable  conditions  of  heat,  moisture,  light,  soil, 
eto.,  into  a  matiire  plant  similar  to  the  one  which 
produced  the  seed. 

Many  plants  can  be  easily  pn^agated  by  Imdi. 
We  have  seen  that  a  bnd  will  deyelop  into  a 
branch  or  skoaL  All  that  a  branch  need%  in 
order  to  become  an  independent  plant,  is  a  separ- 
ate root.  It  already  has  a  stem  and  leaves  of 
its  own. 

It  is  often  advantageous  to  grow  plants  from 
buds  rather  than  from  seods.  One  advantage  is 
that  it  does  not  take  so  long,  and  another  jf>  that 
it  is  often  more  likely  that  we  will  get  u  pJant 
dosdy  nmiUur  to  the  one  from  which  the  bud 
was  taken. 

Every  bad  on  a  tree  might  develop  into  a  tree 
by  itself  if  we  oonld  bat  seeore  for  each  bod  a 
root  ol  its  own.  Fonr  methods  of  bod  propaga- 
tion are  in  ose:  gmfttng^  bodding,  layerini^  tuid 
by  eattings. 

1«7 
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Cuttings.  In  making  cuttings  from  plants  with 
soft  and  juicy  stems,  such  as  the  geranium,  coleus 
and  verbena,  short  pieces  with  two  or  more  leaves 
are  cut  from  vigorous  shoots,  the  cut  being  made 
close  below  a  node  (the  point  at  which  a  leaf 
grows  out),  and  just  above  which  a  bud  may 
form. 

The  cuttings  are  prepared  by  removing  the 
lower  leaves,  and,  if  necessary,  clipping  the  upper 
ones  to  prevent  too  gi'eat  loss  of  water  by  evapora- 
tion. You  remember  that  plants  give  off  water 
mostly  by  the  leaves.  The  smaller  the  leaf  sm- 
face  the  less  will  be  the  loss  by  evaporation. 

To  keep  the  cuttings  fresh,  they  are  thrown 
as  fast  as  they  are  trimmed  into  cold  water. 
They  are  at  fi^t  set  out  in  moist  sand  in  a 
shallow  box.  About  half  the  length  of  the  cut- 
ting should  be  covered,  and  the  sand  should  be 
firmly  pressed  about  it 

When  the  new  roots  are  well  started,  the  cut- 
tings should  be  removed  to  little  pots  containing 
a  mixture  of  sand  and  fine  soil.  When  this  pot 
is  well  filled  with  roots,  the  plants  are  ready  to  be 
transferred  to  larger  pots.  This  should  be  done 
without  greatly  disturbing  the  roots. 

The  cuttings  of  some  plants  strike  root  well  if 
set  in  a  bottle  containing  water,  so  that  the  lower 
part  of  the  cutting  reaches  a  short  distance  below 
the  surface  of  the  water. 
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Cuttings  from  plants  with  hard  woody  stems, 
such  as  the  cun-ant,  goosebeiTy  and  other  shrubs, 
are  made  during  the  donuant  season,  after  the 
leaves  have  fallen.  They  may  be  kept  for  a  long 
time  in  a  cool  place  in  moist  sand  or  sawdust. 
They  should  be  "rooted"  in  moist  sand,  and 
when  the  weathw  becomes  warm  they  may  be  at 
once  set  obliquely  in  good  soil  out  of  doors.  Plants 
such  as  the  blackberry,  on  whose  roots  buds  will 
form,  may  be  propagated  from  root  cuttiugs. 

Layering.  Cuttings  are  separated  from  tlie  parent 
plant  before  they  foi-m  roots  for  themselves.  In 
layering^  the  portion  of  the  old  plant  which  is  to 
be  used  to  form  a  new  one  is  rooted  before  it  is 
separated  from  the  parent  plant.  This  is  often 
done  by  bending  down  the  lower  branches  into 
slight  depressions  in  the  soil,  pinning  them  there 
with  a  forked  stick,  and  keeping  this  part  covered 
with  moist  earth.  After  the  root  is  well  developed, 
the  shoot  is  cut  off  below  the  root  and  set  out  in 
its  permanent  place. 

If  the  shoot  is  too  far  from  the  ground  to  be 
rooted  by  the  preceding  method,  roots  may  be 
started  on  the  shoot  before  it  is  separated  from 
the  parent  plant  by  encasing  its  stem— just  above 
the  point  where  it  is  to  be  cut  off— with  moss 
or  so^l  kept  constantly  moist.  The  moss,  two 
or  three  inches  in  thickness,  must  be  wrapped 
tightly  about  the  stem.    If  earth  is  used  it  may 
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be  enclosed  in  a  cylinder  or  box  held  in  place  by 

wire  or  twine. 
A  cut  should  be  made  partly  around  the  branch 

to  hinder  the  return  flow  of  sap  from  the  shoot 

which  is  to  be  removed.   The  moss  and  soil  must 

be  kept  moist  by  frequent  Watering. 
It  is  evident  that  layering  must  be  carried  out 

in  spring  or  summer. 
Budding.    In  both  cuttings  and  layering,  the 

shoots  used  for  propagation  form  roots  of  their 

own,  in  the  first  after,  in  the  latter  before,  separa- 
tion from  the  parent  plants.  In  budding,  a  single 
bud  is  taken  from  the  plant  to  be  propagated,  and 
inserted  in  the  bark  of  another  related  plant,  which 
is  to  provide  a  support  and  a  root  for  the  new 
shoot  which  will  arise  from  the  inserted  bud.  If 
budding  is  to  be  done  in  spring,  vigorous  twigs 
are  cut  in  the  dormant  season  from  a  tree  of  the 
desired  variety.  These  twigs  are  kept  racist  by 
packing  them  in  boxes  of  moist  sand  or  sawdust 
until  the  weather  has  become  warm  enough  for 
active  growth. 

The  best  stocks  are  one  year  old  from  the  seed. 
The  stock  is  prepared  for  the  bud  by  making  a 
cross-shaped  cut  through  the  bark  on  the  north 
or  shady  side  of  the  stem  close  to  the  ground. 

A  bud  for  insertion  in  this  stock  is  cut  out  f l  om 
a  twig  as  follows:  Make  a  shallow  cut  through 
the  wood  and  extending  upward  under  the  bud, 
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beginning  about  one-quarter  of  an  inch  {{  in.) 
below  the  bnd.  Then  make  ano^er  cut  crosswise 
throng  the  bark  about  one-quarter  of  an  inch 
above  the  bnd.  Lift  the  edge  of  the  htaik  here, 
and  carefuUy  peel  it  back  and  remove  the  bud, 
leaving  the  wood  which  you  loosened  by  the  first 
cut  attached  to  the  twig.   If  the  inside  of  the  bud, 
as  removed,  is  hollow,  you  have  spoiled  it,  for  it 
needs  the  woody  bundles  here  to  unite  with  the 
cambium  or  growing  layer  of  the  stock.   To  insert 
the  bud,  raise  the  edges  of  the  bark  at  the  cross- 
shaped  incision  in  the  stock,  and  push  the  bud* 
down  under  the  bark  until  it  fits  neatly.  Bring 
the  parts  into  dose  contact  by  tying  with  soft 
twine  or  moist  raffia. 

When  it  becomes  dear  that  the  bud  has  united 
with  the  stock,  the  binding  should  be  cut,  and 
then,  or  early  in  the  next  season,  the  stem  of  tL  s 
stock  should  be  cut  off  a  short  distance  above 
the  bud.  It  is  well  to  cover  the  cuts  with 
wax. 

Budding  is  sometimes  done  early  in  the  fall. 
In  this  case  the  leaf  blades  below  the  buds  should 
be  cut  off  before  the  bud  is  inserted  in  the  stock. 

The  bud  will  develop  into  a  stem  bearing 
branches,  flowers  and  fruit.  Although  this  new 
stem  derives  its  water  and  soil  food  from  a  stock 
of  a  different  variety,  yet  the  fruit  will  be  of  that 
variety  from  which  the  bud  came. 
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Owfttof.  In  graftmgjSiwrfioiiq/'aftfwic*  (caned 
the  sdon)  from  one  tree  is  made  to  grow  on  the 
root  or  stem  of  another  tree  (called  the  stock).  The 

stock  is  usuaUy  grown  from  the  seed  and  i^onld 

be  of  a  hardy  sort,  whHe  the  scion  is  taken  from 

a  tree  of  a  choice  variety. 
The  scion  will  develop  into  a  large  stem  with 

branches.  It  uses  the  root  of  the  stock  as  though 
it  were  its  own,  ^,nd  derives  its  water  and  food 
materials  from  the  soil  through  the  stock.  Its 
powth,  however,  is  due  to  the  multiplication  of 
its  own  cells  by  division,  and  the  new  ceUs  have 
the  same  powers  and  properties  as  the  cells  of  the 
tree  from  which  the  sdon  was  taken.  Consequently, 
the  sdon  produces  fruit  of  the  same  choice  variety 
as  its  parent  tree. 

In  root-grafiing,  the  scions  may  be  cut  in  mid- 
winter from  the  last  season's  growth  of  the  branches, 
and  stored  in  cool  moist  sand  tiU  the  end  of  winter. 
They  are  then  grafted  on  to  the  root,  or  short 
pieces  of  the  root,  of  a  young  stock.  In  the  case 
of  the  apple  the  stock  should  be  about  two  years 
old. 

There  are  different  ways  of  setting  the  sdon 
upon  the  root  of  tiie  stock.  In  the  tongue-graft 
the  top  of  the  root  and  the  lower  end  of  the  sdon 
are  cut  off  evenly  at  the  same  shmt,  and  a  thin 
wedge  or  tongue  is  cut  out  of  each  near  the  middle 
of  the  slanting  surface.  The  sdon  is  tiien  fitted 
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closely  on  the  stock,  so  that  the  inner  bark  of 
each  exactly  meets  that  of  the  other  in  at  least 
one  place.  The  joints  should  be  wrapped  tightly 
with  strips  of  grafting  cloth  about  half  inch 
wide.  The  grafting  cloth  is  made  by  covering 
strips  of  cheese  doth  or  muslin  with  a  mixtore 
of  four  parts  of  resin  and  one  part  of  beef 
tallow  melted  together.  Exposed  cut  surfaces  of 
the  scion  should  be  protected  by  covering  them 
with  grafting  wax  mado  by  melting  together  four 
parts  of  resin,  two  parts  of  beeswax  and  om 
part  of  tallow. 

Scions  may  be  grafted  on  to  the  stem  of  the 
stock  in  a  similar  way.  When  the  diameter  of 
the  stem  or  branch  of  the  stock  is  greater  than 
that  of  the  sdon,  it  is  usual  to  make  a  clefUgrafi. 
This  is  done  by  splitting  the  cut  end  of  the  stock 
and  inserting  two  sdons.  The  sdons  are  cut  so 
as  to  form  a  slender  wedge  at  the  base.  Care  must 
be  taken  to  brin^^  flie  cambum  Uvjftr  (befeweoi  the 
bark  and  the  wood)  of  each  sdon  into  dose  o(m  - 
tact  with  that  of  the  stock  in  at  least  one  point 
All  cut  surfaces  should  be  carefully  protected  by 
grafting  wax. 

Old  fruit  trees  may  be  used  to  produce  new 
and  choice  varieties  of  fruit  by  grafting  (top- 
grafiing)  on  to  their  branches  short  twigs  from 
the  desired  varieties.  A  number  of  varieties  may 
thus  be  grown  on  one  tree.    Top-grafting  is 
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done  in  spring  after  the  buds  begin  to  swell 
The  scions  must  be  kept  moist  and  donoant  till 
the  time  of  grafting. 


Xnr.  UPROVBIIBIIT  OF  CDLUVATED  FLAMTS 

It  is  thousands  of  years  since  men  in  ^  dus 
parts  of  the  world,  emerging  f ron-  the  sava  ^tate, 
beg;an  to  cultivate  some  of  the  mid  plants  which 
produced  fruits  or  seeds  suitable  for  human  food. 
In  the  course  of  ages,  by  careful  cultivation  and 
selection  these  «rild  plants  have  been  wonderfuUy 
improved. 

In  some  cases  the  wild  parent  plants  can  still  be 
found  and  recognized;  in  other  cases  they  seem  to 
have  died  out  or  else  bear  such  a  sUght  resemblance 
to  their  cultivated  offspring  that  we  cannot  be  sure 
of  the  relationship.  The  wild  apple  of  the  old 
world,  from  which  our  cultivated  apples  have 
sprung,  is  a  very  diminutive  fruit.  The  improve- 
ment in  size  and  quaUty  of  cultivated  roots  and 
tubers,  not  to  speak  of  the  common  grains,  has 
been  equally  remarkable. 

There  are,  no  doubly  limits  to  the  capacity  of 
plants  to  respond  to  our  efforts  to  change  than. 
I  should  say  that  there  is  Uttle  likelihood  that  we 
shaU  ever  be  able  to  grow  grains  of  wheat,  for 
instance,  as  large  as  apples,  or  apples  equal  in  siae 
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to  pumpkins.  Still  there  is  no  reason  for  thinking 
that  the  limit  has  yet  been  reached.  Indeed,  as 
our  knowledge  of  plants  increases,  so  should  our 
power  to  develop  more  productive  forms  of  cul- 
tivated plants. 

Three  principal  methods  of  plant  improvement 
are  in  use.  The  first  method  is  the  selection  of 
the  best  seeds  from  the  strongest  and  most  desir- 
able plants;  by  constant  selection  of  the  finest 
seeds  a  great  gain,  both  in  the  quantity  and 
quality  of  the  prodtusts,  may  be  seeored.  In  order 
to  maintain  the  improvement  wbieh  may  be 
reached  by  this  method  it  is  necessary  to  ksep  on 
selecting  the  best  seed  year  after  year.  If  this  is 
not  done,  many  of  the  poor  seeds  or  seeds  from 
the  poorer  plants,  will  be  sown  and  their  ofbpring 
will  gradually  crowd  out  the  better  plants. 

A  F^'  method  consists  in  selecting  a  single 
plant  hows  desirable  qualities  in  a  higher 

degi'ee  i,.  -n  do  the  individual  plants  surrounding 
it.  Seeds  from  this  plant  are  sown  by  themselves. 
If  these  seeds  produce  plants  having  the  same 
desirable  qualities  as  the  parent  plant,  seeds  of 
this  generation  are  sown  by  themscdves,  and  the 
process  is  continned  until  a  new  variety  is 
established  which  will  breed  true  from  the  seed. 

The  third  method  depends  on  the  production  of 
hybrids.  "We  have  learned  that  every  flowering 
plant  is  developed  from  an  ^g-ceU,  and  that  this 
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eggHsell  is  formed  by  the  union  of  a  germ-cell 
which  d60cendi  the  pollen  tube  with  another 
germ-oeQ  in  the  ovule  (the  young  seed).  If  the 
poUen  grain  oomes  from  a  plant  of  a  different 
variety  or  species  from  that  of  the  plant  which 
it  fertilizes,  the  egg-cell  will  develop  into  a  plant 
which  wiU  resemble  in  some  respects  each  of  the 
two  plants  which  had  a  share  in  prodnomg  the 
egg-cell. 

It  is  evident,  then,  that  if  we  find  two  rekted 
plants,  each  of  which  has  some  desirable  char- 
acteristics not  possessed  by  the  other,  we  may 
succeed  in  uniting  these  features  in  one  plant  by 
transferring  the  pollen  of  one  to  the  stigma  of  the 
other.  If  this  croas-ferliliiation  takes  effect,  the 
seed-plantlet  will  develop  into  a  plant  resembling 
in  some  respects  each  of  the  parent  plants.  This 
new  plant  is  called  a  hybrid,  and  if  it  proves  to 
be  superior  in  any  way  to  its  parent  plants,  it 
may  be  propagated  —  usuaUy  from  seeds,  some- 
times  from  buds. 

Upon  thinking  over  this  matter  of  plant  im- 
provement you  will  see  that  even  children  might 
do  something,  by  selecting  the  best  seeds  or  the 
seeds  of  the  best  plants,  to  help  in  increasing  the 
food  supply  of  the  home  and  of  the  world,  and 
in  this  way  contribute  to  human  comfort  and 
happiness. 


Siooii>  TiUh-SraiBo  Lmsoxs  177 


Country  boys  and  girls  are  more  or  less  fftmiUar 
with  the  various  methods  of  cultivating  the  land, 
and  most  city  children  must  have  seen  these  openb- 
tions  going  on,  if  only  from  a  railway  carriage. 
Let  us  consider  the  use  of  all  this  hard  wcMrlr. 

The  plough  and  harrow  are  used  in  preparing 
the  soil  before  the  seed  is  sown.  The  plough  goes 
deep  down  into  the  ground,  turns  the  upper  soil 
over  and  pulverizes  it  somewhat.  It  buries  manure, 
weeds  and  stubble.  The  harrow  with  its  many 
teeth  pulverises  the  soil  more  thoroughly  if  not 
so  deeply. 

This  preparatory  cultivation,  if  well  done,  is  of 
great  use  in  several  ways.  It  exposes  some  of  the 
lower  soil  to  the  action  of  the  air.  By  loosening 
the  soil  it  makes  more  room  for  aar  and  water,  both 
of  which  are  needed  by  the  roots  of  the  jdants.  By 
breaking  the  soil  up  into  separate  partidee  it  in- 
Greases  greatly  the  amount  of  sorfaoe  exposed 
to  the  air  and  water.  The  air  and  water  act 
chemically  on  snbstanees  in  the  soil,  so  tiiat  more 
soluble  substances  neoessary  for  the  growth  of 
plants  are  formed  there,  and  dissolve  in  the  soil 
water.  The  loosening  of  the  soil  makes  it  easy  for 
the  rootlets  to  penetrate  in  aU  directions  in  search 
of  food  materials.  Siimnr-  the  soil  also  permits 
the  surplus  water  after  rains  to  drain  downward 

IS 
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wil!?*  i  ploughing  aids  in 

wanning  he  SOIL  Wet  «>!!«  «e  alw»y.  relatively 
cold,  for  the  heat  of  the  mm  i«  hagAr  lued  in 
evaporating  the  water  instead  of  in  wanning  the 

In  all  cases  in  which  the  young  plants  are  far 
enough  apart  to  allow  of  it,  cultivation  to  the  depth 
of  from  two  to  four  inches  should  be  caiiied  on 
ttoonghont  the  season,  or  till  the  size  of  the  plants 
interferea  with  the  process.   Repeated  cultivation 
is  neoessary  to  IriU  the  weeds  and  to  maintain  a 
kK»e  soil  mnloh,  which  hinders  the  evaporation  of 
water  from  the  sofl  below  during  dry  weather,  and 
retams  it  for  the  thirsty  rootlote.    Stirring  the 
surface  soil  breaks  up  the  small  continuous  spaces 
through  which  the  water  from  below  would  riL 
by  capillary  attraction,  so  that  tiie  water  cannot 
escape  so  rapidly  into  the  air,  and  tiius  be  lost 
to  the  roots  of  the  plant. 

The  roUer  is  often  used  to  crush  clods  of  earth 
It  IS  useful  in  loose  soils  for  compacting  the  earth 
somewhat  This  helps  to  form  smaU  tubes  in  the 
loose  soil,  by  which  the  water  from  below  may  rise 
to  supply  the  roots  of  the  young  plants 

In  a  smaU  garden  tiie  spade  may  do  the  work  of 
the  plough,  while  the  rake  and  the  hoe  are  used 
mstead  of  the  harrow  and  the  horse  cultivator. 
The  soil  about  the  seed,  and  about  tiie  littie  plants 
which  are  being  set  out  in  tiie  garden,  may  be 
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compacted  with  the  back  of  tiie  ho«  or  by  the 
pressure  of  the  feet  or  hands  of  the  gardener,  thus 
bringing  the  soil  particles  into  close  ooutaot  with 
the  roots  of  the  young  plants. 


XVI.  lu/TATIOM  OF  CROPS 

Few  soiUi  will  pzoduoe  •  good  crop  ot  the  same 
plant  year  after  year  for  a  k>ng  period.  To  keep 
up  the  productiveness  of  the  soil  it  is  neeessary 
to  change  the  crop^  that  is,  the  spedes  of  plant, 
from  time  to  time. 

It  has  been  supposed  that  the  failure  of  a  soil 
after  a  time  to  produce  good  crops  of  the  same 
plant— wheat  for  instance— continuously,  is  be- 
cause some  of  the  substances  in  the  soil  whi-h 
are  essential  to  the  satisfactory  growth  of 
plant  hare  been  exhausted,  or  at  least  so  greai  j 
rednoed  in  amonnt  that  there  is  not  enougli  left 
to  permit  of  a  good  yield.  St* inyet  ligators 
dahn,  however,  that  the  ftdhire  of  the  crop  in 
such  cases  is  often  dne  to  the  fact  that  the  roots 
of  plants  excrete  into  the  soil  substanoes  whieh 
are  poisonous  to  the  plant  which  produces  them. 

A  change  of  crop  may  be  needed  in  order  that 
weeds  which  have  established  themselves  in  the 
soil  may  be  destroyed.  For  this  purpose  a  crop 
that  can  be  cultivated  throughout  the  summer 
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should  follow  one  which  did  not  allow  of  con- 
tinued cultivation. 

Again,  some  plants  send  their  feeding  roots  more 
deeply  into  the  soil  than  others,  and  draw  their 
food  from  a  greater  depth.  Such  plants  may  be 
planted  in  succession  to  shallow-rooted  ones. 

Clover  is  very  largely  employed  in  keeping  up 
the  supply  of  nitrogen  in  the  soil.   If  you  dig  up 
a  clover  plant  (and  the  same  might  be  said  of 
peas,  beans,  and  any  other  plants  of  the  legume- 
bearing  family),  you  may  find  on  its  rootlets  small 
nodules  or  tubercles.   Each  of  these  tubercles  has 
been  found  to  be  the  home  of  a  colony  of  bacteria. 
These  bacteria  have  the  power  of  extracting  nitro- 
gen out  of  the  air  which  occupies  the  spaces  be- 
tween the  particles  of  soil,  and  of  causing  this 
nitrogen  to  unite  chemically  with  other  elements. 
The  clover  plant  then  absorbs  this  nitrogen  com- 
pound out  of  the  tubercles  and  uses  it  in  the 
manufacture  of  proteids,  wUch,  as  you  know,  are 
compounds  containing  nitrogen.   So  the  stem  and 
roots  of  the  clover  contain  a  good  deal  of  combined 
{fixed)  nitrogen  which  was  obtained  directly  from 
the  air  by  the  bacteria  of  the  tubercles.  Con- 
sequently, when  the  whole  clover  plant  or  its 
roots  are  ploughed  under  they  enrich  the  soil  with 
a  considerable  amount  of  nitrogenous  matter; 
hence  it  is  that  clover  has  come  to  find  a  place 
in  most  rotations. 
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Other  plants  besides  clover  are  sometimes  grown, 
to  be  ploughed  under  while  green  that  they  may 
by  their  decay  add  hnmus  to  the  soiL 

Different  rotations  are  adopted  to  suit  different 
conditions  of  soil,  climate  and  market  These  are 
some  common  three-year  and  four-year  rotations: 

(a)  Wheat,  clover,  potatoes. 
(6)  Clover,  com,  wheat. 
(e)  Clover,  com,  potatoes,  wheat 
(d)  Com,  wheat,  clover,  grass. 

Each  farmer,  however,  must  determine  for 
himself  the  rotation  which  is  most  suitable  for 
the  different  soils  found  on  his  farm,  and  for 
the  various  crops  he  finds  it  most  profitable  to 
raise. 


XVn.   HOME  AND  SCHOOL  GROUNDS 

A  home  or  a  school  in  which  love  and  order 
rdgn  is  a  happy  one,  no  matter  how  bare  its  walls 
or  how  barren  and  brown  its  surroundings.  Yet 
even  a  happy  home  or  school  is  made  more  attrac- 
tive, and  dearer  to  the  hearts  of  its  members,  if  the 
grounds  about  it  are  tastefully  adorned  with  trees, 
shrubs,  flowers  and  grassy  lawns.  The  plainest 
cottage  is  made  home-like  by  a  few  vines  creeping 
over  its  door  and  roof j  and  a  few  flowers  blooming 
beneath  the  windows. 
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In  beautifying  the  home  and  school  grounds 
natm«e  will  be  fomid  the  best  guide.  In  the 
woods,  along  the  streams,  about  the  borders  of  the 
meadows,  here  and  there,  may  be  seen  natural 
groupmgs  of  trees  and  shrubs,  ferns,  and  low 
flowermg  plants,  which  impress  themselves  on  our 
memones  for  their  beauty  and  fitness.  These 
natural  pictures  will  furnish  material  for  an 
ma^ary  pictare  which  may  be  realized  about 
the  home  and  school 

A  grassy  Uwn  will  form  the  basis  of  the  plan. 
If  the  space  is  small,  tiie  trees  must  be  planted  in 
straight  rows,  or  singly  in  the  comers  of  the  lot- 
but  If  there  is  room  enough,  it  is  better-because 
more  natural  —  to  plant  them  in  groups.  Trees 
should,  as  a  rule,  be  set  20  or  30  feet  apart;  but  they 
may  be  planted  more  closely  at  first,  with  a  view  to 
thinnmg  them  out  when  they  become  large  enough 
to  mterfere  with  each  other's  best  development. 
If  possible,  space  should  be  found  for  a  few  fmit 
teees  belonging  to  varieties  hardy  in  the  district 
A  row  of  evergreen  trees  wiU  often  afford  welcome 
protection  from  cold  winds. 

Shrubbery  may  be  worked  in  around  the  kwn 
m  vacant  nooks  and  comers,  and  at  bends  in  the 
paths.  Suitable  spots  can  be  found  for  planting 
ferns  from  the  woods,  and  some  of  the  wild  flower- 
ing plants  which  adorn  the  meadows  and  groves 
in  spring  and  summer.   On  either  side  of  the 
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pathways  may  be  set  such  cultivated  perennial 
plants  as  lilies,  irises,  peonies,  dahlias,  etc. 

If  young  trees  are  transplanted  from  the  neigh- 
boring woods  they  should  be  taken  ^ip  carefully,  so 
as  to  save  as  many  rootlets  as  possible.  The  holes 
in  which  to  set  them  may  be  dug  in  advance,  so 
that  the  trees  may  be  set  out  at  once.  If  trees  are 
obtained  from  a  nursery  they  wHl  probably  be  in 
good  condition  for  planting  out  when  they  arrive. 
It  is  very  important  that  the  rootlets  should  not 
be  allowed  to  become  dry. 

In  most  cases  the  tops  and  branches  should  be 
cut  back  to  balance  the  loss  of  roots.  If  this  is 
not  done  there  will  be  so  many  leaves  produced 
that  the  water  will  evaporate  from  the  leaves 
faster  than  the  roots  can  supply  the  loss,  and  the 
tree  will  dry  out  and  die. 

The  roots  should  be  covered  with  good  soil,  well 
shaken  and  packed  down.  Before  the  last  of  the 
soil  is  put  in,  saturate  the  earth  about  the  roots 
with  water.  The  last  lay  w  of  soil  spread  on  should 
be  l^t  and  kept  loose  to  hind«*  evaporation  from 
below.  In  dry  seasons  the  soil  about  the  roots 
may  oocasionany  need  to  be  saturated  with  water. 
When  necessary  a  guard  of  stakes  or  palings 
fastened  together  should  be  set  around  each  tieeu 

Childi-en  would  find  it  very  interesting  to  grow 
some  of  the  native  trees  from  seed,  in  window 
boxes,  or  in  plots  out  of  doors,  to  be  afterwards 
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transplanted  in  the  home  or  school  grounds  or 
along  the  road. 

As  the  trees  grow  they  may  need  occasional 
pruning.  Trees  produce  so  many  buds  that  the 
number  of  branches  is  liable  to  become  too  great. 
In  the  competition  between  the  branches  for  food 
and  light,  those  which  gam  the  lead  do  not  always 
add  to  the  beauty  or  to  the  productiveness  of  the 
tree ;  hence  the  advantage  of  judicious  pruning. 
You  should  never,  in  pruning,  cut  off  or  cut  back  a 
branch  until  you  have  considered  what  advantage 
will  follow,  either  in  stimulating  the  growth  of  other 
branches  or  in  improving  the  form  of  the  tree. 

We  have  considered  the  beautifying  of  the  home 
and  of  the  school  grounds  together,  for  the  same 
principles  apply  to  both,  j^he  school  takes  the 
place  of  the  home  for  several  hours  each  school 
day.  The  school  should  aim  to  be  an  ideal  home 
for  the  children  for  that  time,  but  as  there  are 
usually  more  children  in  the  school  than  in  the 
family  home,  the  school  grounds  need  to  be  larger 
—much  larger  than  they  usually  are. 

In  planting  trees  and  shrubs  on  the  school 
grounds,  the  different  kinds  of  native  trees  should 
be  represented  as  far  as  space  permits.  Some 
trees  and  shrubs  whose  fruits  afford  food  for  birds 
should  also  be  planted.  A  well-selected  variety  of 
trees  and  other  plarts  wiU  make  the  school 
grounds  a  rich  field  for  nature  studies. 
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Introdttctio  1 

To  THE  Teacher.— The  work  in  this  chapter  deals  with 
tools  which  the  pupils  have  all  used  or  seen  used.  It  is 
hoped  that  they  ma>'  learn  that  the  use  of  each  of  these 
tools  is  governed  by  law.  In  learning  this,  they  will  the 
more  readily  realisse  ihsA  in  nature  there  is  law  and  oider 
everywhere. 

It  cannot  be  too  strongly  urged  that  the  pupils  be 
allowed  to  obtain  this  knowledge  at  first  hand,  by  making 
the  experiments  themselves,  with  help  and  guiduice  from 
the  teacher,  of  course,  but  the  actual  work  should  be 
done  by  the  pupils. 

Apparatus. — The  apparatus  to  be  purchased  by  the 
school  need  not  exceed  in  cost  one  or  two  dollars,  as  the 
greater  part  of  it  may  be  borrowed  from  the  homes  of  the 
pupils  or  from  the  nearest  hardwuxe  state.  A  list  (ft  the 
apparatus  needed  is  as  follows  r — 

To  be  purchased  or  borrowsd  :  One  spring  balance 
6  inches  l<mg,  weighing  to  25  lbs.,  witJi  divisions  repre- 
senting pounds  ;  1  spring  balance  4^  indies  Umg,  weigh- 
ing to  4  lbs. ,  with  divisions  representing  oimces  ;  1  yard 
stick,  1  ball  of  stout  cord,  1  tiiermometer,  1  support,  as 
shown  in  the  figures.    This  support  may  be  made  by 
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iome  of  the  boys  or  by  a  carpenter.    It  is  made  of  2  by  4 
pine  and  18  6  feet  high  ;  in  place  of  it  there  may  be  used 
a  staple  driven  into  the  ceiling,  with  a  rope  attached  to 
It,  the  lower  end  of  the  rope  being  6  feet  from  the  floor 
and  having  a  loop  to  which  the  cord  and  spring  balance 
are  attached  in  the  different  experiments     One  set  of 
weights,  consisting  of  three  one-pound,  two  two-pound, 
one  five-pound,  one  ten-pound,  and  one  twenty-five-pound 
weight    The  simplest  way  to  get  these  weights  is  to  make 
bags  of  close  woven  cloth  and  fill  them  with  coarse  dry 
sand  or  gravel  to  the  required  weight    Tie  them  securely 
and  eave  a  3-inch  loop  in  the  cord,  in  order  that  they 
may  be  readily  attached  to  the  different  pieces  of  apparatus 
To  be  borrowed  when  needed  :  Shovel,  pitchfork,  crow- 
bar,  wheelbarrow,  windlass,  puUeys,  jackscrew 

Weather  ^>servatim».-Om  method  of  training  pupils  to 
hab.ts  of  observation  is  to  ask  them  to  keep  a  daUy  record 
of  the  weather.  The  observations  should  be  made  at 
about  the  same  time  each  day,  and  recorded  in  a  book 
From  tone  to  time  these  records  should  be  examined,  to 
earn  the  weather  to  be  expected  at  certain  seasons,  when 
the  wind  IS  from  a  certain  direction,  etc.    A  convenient 

t^*^  f,r  .         ^'""'^^  -columns 
with  the foUowmg  headings  :-Date:  Temperature:  Direc- 
tion and  Force  of  Wind :  Sunshine,  Cloudy,  Rain  or 
Snow :  Remarks  :    The  apparatus  needed  is  a  common 
Fahrenheit  thermometei,  r^hich  should  be  fastened  out- 
side  of  a  window  on  the  north  side  of  the  school,  about 
eight  or  ten  mches  from  the  glass,  and  so  as  to  be  easily 
read  without  opening  the  window.    If  it  is  within  the 
means  of  the  school,  it  is  very  important  to  have  a  mer- 
cury  or  aiieroid  barometer,  as  by  means  of  it  very  accurate 
weather  forecasts  can  be  made.   For  recording  these  obser- 
vations  a  sixth  column  would  be  needed  in  the  record. 
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It  will  be  found  after  a  time,  that  the  pupils  who  make 
observations  on  this  phase  of  nature  develop  the  habit  cf 
obsenration  towards  ali  phases  of  nature.  They  are  very 
kem  to  notice  changes  in  ':he  weather,  and  also  they  an 

very  keen  in  their  observationB  of  flowers,  trees,  grains, 
roots,  animals,  etc.  This  is  a  valuable  habit  to  develop  in 
young  people,  and  when  once  developed  is  never  wholly 
lost 

iVbte6oob.— The  pupils  should  be  asked  to  keep  a  xeooid 
of  the  experiments  they  make  in  school  and  at  home.  For 
ibis  purpose,  a  five  or  ten  cent  notebook  is  sufficient,  the 
first  eight  pages  to  be  reserved  for  the  record  of  the  weather, 
and  the  remainder  to  be  used  for  the  results  of  mcperimoits. 

Experimenta  ai  home. — ^The  experimental  woric  whidi  the 
pupils  do  in  their  own  homes  is  of  even  greater  value  to 
them  than  that  which  tiiey  do  in  the  school,  because  they 
have  only  themselves  to  depend  upon.  They  must  think 
out  their  inoblem,  plan  the  ezpeiimait,  and  then  ma^  the 
experiment,  without  help.  This  gives  them  self-ielianc^ 
and  develops  a  confidence  it  their  ability  to  m.'.Ater  nature 
and  wrest  from  her  an  answer  to  their  questions.  It  is 
wen  to  ^courage  this  w<»k  in  every  way,  first  by  helping 
them  to  make  a  start,  and  then  by  addi^eadi  day  forth« 
results  obtained  in  the  experments  at  homo. 

To  THE  Girls  and  Boys. — In  this  chapter  we  purpose 
to  study  some  of  the  tools  which  you  have  all  used  or 
seen  used,  viz.,  the  shovel,  pitchfork,  crowbar,  wheel- 
barrow, derrick,  windlass,  pulleys,  jaokiramr  and  whe^ 
and  we  will  try  to  find  the  rule  or  law  which  governs  the 
use  of  each  one.  You  will  find  it  very  interesting  to  make 
experiments  of  your  own  at  home,  and  a  numbev  of  such 
experim«nto  are  loggeeted  in  each  leeson.  All  OuA  you 
will  need  in  the  way  of  apparatus  besidefl  the  ibofd, 
pitchfork,  crowbar,  etc,  will  bo  »  qning  balaaoa.  mam 
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■tout  oord,  a  support,  some  weights  and  a  foot  rule  or 
yard  stick.     You  will  find  that  the  most  interesting 

experiments  are  those  which  you  plan  for  yourselves. 
In  making  an  experiment  you  will  find  it  well,  before  you 
start,  to  answer  the  following  questions :  What  do  I  wish 
tofindont?  How  do  I  propose  to  do  it ?  And  after  you 
have  made  the  ezperimont,  What  do  my  results  show? 

Lesson  I 

The  Lever. — We  are  starting  out  now  to  study  the 
shovel,  fork,  crowbar,  wheelbarrow,  derrick  and  windlass. 
In  order  to  nndentand  these  it  will  be  necessary  to  leam 
something  of  the  ordinary  lever. 

Let  us  think  of  some  of  the  levers  that  we  have  used  or 
seen  used ;  for  example,  the  crowbar  and  shears. 

fbrce 


Vig.  1.  The  Crowbar  and  Shear*. 


The  Crowbar. — We  all  know  from  experience  something 
of  the  crowbar.  For  example,  if  we  wish  to  give  a  stone 
the  greatest  lift  possible  with  a  given  force,  where  do  we 
place  the  fulcrum  block  ?  At  once  yon  will  tell  me  that 
we  place  it  as  close  to  the  weight  as  possible.  Again, 
where  do  we  place  the  hand  in  order  to  give  the  stone  the 
greatest  lift  possible  with  a  given  force  ?  As  near  the  end 
as  possible. 
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The  Shears.— The  ghean  is  a  double  lever.  If  w»  w«n 
cutting  a  piece  of  wire,  in  what  part  of  the  jaws  would  we 
place  it  to  nae  the  least  force  ?  As  close  to  the  rivet  as 
possible. 

If  we  had  two  pairs  of  shears  of  the  same  design,  except 
that  one  had  long  handles  and  the  other  short  handles, 
which  would  we  use  to  cut  a  very  tough  substance  ?  The 
loog-handled  onee. 

Othw )'  vers  with  which  we  are  all  mote  or  leas  famffi>^ 
are  tile  pump  handle,  scissors,  pliers,  the  handles  ol  a 
plough,  the  levers  on  mowers,  reapers,  etc. 

We  all  have  a  general  knowledge  of  levers  then.  Now 
let  us  make  this  knowledge  more  edentifia 

We  make  our  knowledge  oi  anything  mon  sdentiilo 
doing  three  things : 

1st  By  making  it  exact.  That  is,  wc  measure  every- 
thing that  has  a  bearing  on  the  question  we  wish  to  decide. 

In  this  case  we  are  studying  the  lever,  and  we  wish  to 
know  the  force  required  to  lift  a  certain  weight  when  we 
know  where  the  force  and  weight  are  with  respect  to  the 
fulcrum.  So  we  will  measure  the  force,  the  weight,  the 
distance  the  force  is  from  the  fulcrum  and  the  distance 
the  weight  is  from  the  fulcrum. 

2nd.  By  trying  to  find  a  rule  or  htw  which  connects 
all  the  quantities  measured.  In  the  case  of  the  lever  we 
will  try  to  find  a  rule  or  law  connecting  the  force,  -weight, 
force  arm  and  weight  arm.  (See  Pig.  1  for  meaning  of  force 
arm  and  weight  arm.) 

3rd.  By  applying  the  law  to  new  cases.  We  will  apply 
the  Law  of  the  Lever,  when  we  find  it,  to  the  shovel,  the 
bak  and  the  other  tools  mentioned  above. 

In  Experiment  I  we  will  use  matund  weights  and 
measure  the  distances  in  order  to  find  the  &m  (rf  the  lem. 
Then  we  will        this  law  to  new  OMsa. 
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Jbpmment  /.—To  find  the  "  Law  of  the  Lever." 

To  find  the  Law  of  the  Lever 
we  will  use  a  simpler  lever  than 
the  aowbttr  or  shean.  W0  win 
use  a  yard  stick,  and  balance 
it  at  the  middle.  When  it  is 
balanced  in  this  way  one-half  of 
the  weight  of  the  stick  just  bal- 
anoet  Um  other  half, 


I 


.2.  Afftaitaii :  A  Tavd 


so  that  we  need  not 
consider  the  weight 
of  the  stick  in  the 
xenudndor  of  th« 
experiment 

1.  Balance  the  yard  stick.  To 
do  this,  attach  a  string  at  the 
middle  and  adjust  it  until  the 
■tick  remaimi  h«niioiitaL  Attedi 
the  itring  to  the  rai^wrt 

2.  Now  attach  1  lb.  at  say  8  in. 
from  the  balancing  point.  Where 
does  1  lb.  ba. ji\ce  it  ?  Attach  the 


1  lb.  at  other  distances.    Where  does  1  lb.  balance  it  ? 
We  find  in  every  case  that  the  dirtanoee  aie  equal. 
8.  Attach  1  lb.  at  8  in.  from  the  balancing  ptnnt  Find 

wher  2  lbs.  balances  it.  Attach  the  1  lb.  at  other  dis- 
tances. Find  where  the  2  lbs.  balances  it.  We  find  that 
the  2  lbs.  is  always  half  as  far  from  the  fulcrum  as  the  1  lb. 

4.  Attach  2  lbs.  at  12  in.  from  the  fulcrum.  Find  where 
8  lbs.  will  balance  it  Attach  the  2  Ibe.  at  other  diataaoes. 
Find  where  the  8  lbs.  balances  it  We  find  that  the  3  lbs. 
is  always  two-thixda  aa  far  from  the  *^*n"***g  point  as 
the  2  lbs. 
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Have  you  discovered  a  law  conneoting  th«  wii^Ui  tad 

their  distances  from  the  fulcrum  ? 

There  are  a  number  of  ways  of  stating  this  law,  and  one 
whidi  ■ome  o*  70a  hsra  alnady  probably  ditoomed  ii : 
"  The  diftenow  ara  invvrad J  pfO|K»ti^^ 

A  more  convenient  way  ci  t/Ming  it,  and  tbe  mj  thai 

we  will  use,  is : 

Weight  No.  1,  multiplied  by  ita  distance  from  the  folcrom,  m 
weight  No.  2  multiplied  by  its  distance  from  the  fulcrum. 

For  example :  in  (2)  1  x  8-1x8 
in(3)  Ix  8-2x4 
in  (4)  3x13-8x8 

5.  Let  ua  now  apply  this  law: 

If  we  know  any  three  of  these  terms  we  can  always  cal- 
culate the  fourth. 

For  example  in  (4).  If  2  lbs.  is  placed  9  in.  from  the 
fulcrum  let  us  use  the  law  to  calculate  where  3  Ibe.  must  be 
plaoed  to  balance  itb 

The  law  is :  Weight  No.  1,  multiplied  by  its  distance  from 
the  fulcrum,  —  weij^t  Na  2  "fMltiplied  by  its  «<iTtr"i*ff  tnm 
the  fulcrum. 

Let  na  repteaent  Uie  unknown  dirtaaoe  by  "tU* 

Then  2x9-3x<f  or  SiT-lS 

or 

That  is,  3  lbs.  6  in.  firom  the  fulemm  wiU  balanoe  3  Iba. 
9  in.  from  the  fulormn  on  the  other  side.  TtfiL 

6.  Make  other  applications  ol  the  Law  of  the  Len^ 

as  in  5. 

Conclusion :  The  "  Law  ci  the  Lever  "is: 

Weight  No.  I,  multiplied  by  its  distance  from  the  fulcrum,  — 
weight  No.  2  multiplied  by  its  distance  from  the  fulcrum. 


192     AoBiouLTUBi  Ain>  Katdbi  Study 


1.  Repeat  :,  2,  3,  4,  8  and  Z  with  any  straight  stick. 

2.  Does  the  Law  o£  the  Lerer  apply  to  a  teeter  ?  Let  two 
boys  weigh  themselveB.  Balance  a  teeter  and  mark  off  1  foot 
spaces  on  both  sides  from  the  balandng  point  If  hoy  Na  1 
stands  with  the  centre  of  his  feet  just  over  the  4  feet  mark, 
calculate  where  boy  Na  2  must  stand  to  balance  him.  T17  it. 


1.  StototheUw  of  the  Lerer. 

2.  If  a  yard  stick  is  balanced  at  the  middle,  and  2  lbs.  is 
attached  8  in.  from  the  middle,  where  will  1  lb.  baUmoe  itt 
Where  will  4  lbs.  balance  it  ?   Make  a  sketch  of  each. 

S.  If  8  Ifae.  is  attedwd  4  in.  inm  the  balancing  point, 
where  will  1  lb.  baUnce  itt  Whm  will  8  lb*,  bahace  itt 
Make  a  sketch  of  each. 

4.  In  a  pump  handle,  the  pin  is  6  in.  from  the  point  at 
which  the  piston  is  attached,  the  hand  applies  the  force 
2  J  ft.  from  the  pin.  If  the  piston  and  the  water  lifted  in  one 
stroke  weigh  bO  lbs.,  what  force  must  the  hand  apply  to  just 
balance  tiiis  force  ?  (Leave  out  of  consideration  the  friction 
and  the  weight  of  the  handle.) 

5.  A  boy  weighing  100  lbs.  is  3  feet  from  the  balancing 
point  of  a  teeter.  Where  most  a  boy  weighing  76  Ibt.  f^mnA 
to  balance  him  t 

«.  A  crowbar  has  100  lbs.  attached  at  the  point.  The 
fulcrum  block  is  1  foot  from  the  point,  and  the  tone  is  applM 
4  feet  from  the  fulcrum;  what  force  will  just  balance  the 
100  lbs.  if  we  leave  out  of  account  the  weight  of  the  barf 
Make  a  dcetch. 

laarai  II 

Becord  tiie  lather  omditifms. 
What  experiments  did  ycm  make  at  home?  What 
were  your  rarolts? 
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In  tlM  iMt  lewop  wtt  tzptfimaotod  witii  ncMorad 

weights  and  lengths  to  find  the  Law  of  the  Lever,  and  then 
we  made  one  or  two  applications  of  this  law.  In  the  les- 
son to-day  let  us  apply  the  Law  of  the  Lever  to  the  shovel. 

When  a  man  is  nsing  a  ihord  Itft-handed,  the  left  hand 
grasps  the  shovel  near  the  shovel  pan,  and  the  right  hand 
is  at  the  end  of  the  hai.dle.    In  this  case,  when  there  is  a 

)d  in  the  pan,  the  left  hand  is  lifting  up  and  the  right 
hand  is  pushing  down.    (See  figure.) 

Let  w  me  the  Law  of  the  Lever  to  find  ont  the  foroe 
that  tiie  right  hand  must  exert  to  balance  a  certain  weight 
on  the  pan.  We  will  think  of  the  left  hand  as  the  fakanun. 

EiqurimmU      The  Shovel  ^rr. 


Fig. 3.  Ayfuatu:  aktmA,  W«i^  BsksM,  Oupurt. 

To  find  the  focee  at  B  Hiat  wffl  nippmrt  a  oertain  we^^ 

at  C  : 

1.  Balance  the  shovel  without  the  weight  or  spring 
balance.  To  do  this  attach  the  oord  of  the  support  at 
sneh  a  ^a&at  A  that  the  shovel  handle  wUl  zem^  hoci* 
amtaL   A  is  the  folcnun. 
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2.  Measure  the  force  arm  AB  and  the  weight  arm  AC 
(C  is  the  centre  of  the  pan).  Use  the  Law  of  the  Lever  to 
calculate  the  force  at  B  that  will  support  6  lbs.  placed  with 
its  centre  over  C. 

When  you  have  found  this  force  by  calculation,  find  it 
experimentaUy.  To  do  this,  place  5  lbs.  with  its  centre 
exactly  over  C,  and  attach  a  spring  balance  at  B  and  read 
the  force  indicated.  Does  this  force  agree  with  that  ob- 
tained by  calculation  ?  Does  the  Law  of  the  Lever  i^ply 
to  the  shovel  ? 

3.  Use  some  other  weight  at  C.  Calculate  the  force  and 
then  find  it  experimentally. 

Suggestwmfor  experimenta  at  hoiM : 

1.  Make  experiments  siinilar  to  1,  2  and  3  with  your  own 

shovel. 

2.  Make  experiments  of  your  own  with  the  shovel 

1.  A  shovel  is  balanced  as  in  the  figure  ;  the  distance  AB 
is  24  in.,  and  AO  is  8  in.  What  force  at  B  will  ^^^^^ 
:21be.atOt 

2.  A  man  is  prying  up  a  rock  with  a  crowbar ;  he  places 
the  point  of  the  bar  under  the  rock,  and  the  fulcrum  block 

4  in.  from  the  point.    He  applies  all  his  force— 150  lbs.  at 

a  point  60  in.  from  the  fulcrum.  How  many  pounds  upward 
lift  does  he  give  to  the  rook  I  Leave  out  tiie  weight  ot  the 
bar.    Make  a  sketch. 

8.  A  boy  is  fishing,  and  is  holding  his  pole  so  that  the  left 
hand  is  6  ft.  from  the  end  where  the  line  is  attached  and 

5  ft  from  the  right  hand,  which  is  at  the  butt  of  the  pola 
He  catches  a  fish  weighing  2  lha.  What  force  most  the  right 
hand  exert  to  hold  it  ?  Leave  <mt  the  wei^t  of  tiie  poie^ 
Make  a  sketch. 
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4.  A  woman  is  sweeping  with  a  broom,  which  she  is  hold- 
ing in  such  a  way  that  the  lower  hand  is  3  ft  from  the  point 
at  which  the  broran  toadie*  the  flow,  and  1}  ft  from  tiw 
upper  hand.  If  the  drag  on  the  floor  is  equal  to  a  pull  of 
1  lb.,  what  force  must  the  upper  hand  exert  1  Leave  out  the 
weight  of  the  broom. 

Lesson  III 

Record  the  weather  conditions. 

What  experiments  did  yea  make  at  home?  What 
results  did  you  obtain? 

In  Lesson  11  we  applied  Uie  Law  of  the  Lever  to  tiie 
shovel,  and  found  that  when  the  shovel  is  used  left- 
handed  we  could  calculate  the  force  exerted  by  the  right 
hand ;  and  we  proved  our  calculation  to  be  correct  by 
making  ao  experiment 

Some  of  joa  have  probably  already  ai^ed :  "  But  how 
much  does  the  left  hand  lift  ?  "  Let  us  answer  this  ques- 
tion by  coD'-'dering  exercise  1  under  Lesson  II.  In  this 
the  force  arm  is  24  in.,  and  the  weight  arm  is  8  in.,  and 
the  wdght  is  12  lbs.  You  have  already  found  the  forae 
at  B  to  be  4  lbs.,  because 

Fx24-8xl2 

F-SiiL2,41bi. 

24 

In  this  case  the  right  hand  at  B  exerts  4  lbs.  downward, 
and  the  weight  at  C  is  12  lbs.  The  left  hand  at  A  lifts 
against  the  right  band  4  lbs.,  and  also  the  weight  at  C 
12  lbs.  How  much  then  does  the  left  hand  lift  ?  Aus. 
12  +  4  or  16  lbs.  In  addition  to  this,  if  the  left  hand  is 
at  the  balancing  point  A,  it  must  lift  the  weight  of  the 
shovel  (4  lbs.  is  the  average  weight  of  a  shovel).  The  left 
hand  lite  how  mf^altogethorf  Ans.  16+ 4-i-4or901bi. 
Notice  in  this  oim  tho  leffc  hand  exerts  a  fovea  of  20  lbs. 
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and  the  right  hand  only  4  lbs.,  bo  that  when  a  ehovd  ia 
being  used  left-handed,  the  left  hand  works  much  haider 
than  the  right ;  in  this  case  five  times  as  hard. 

In  Experiment  VIII  we  wiU  use  the  shovel  again  and 
find  by  experimmt  how  much  force  the  left  hand  exerts. 

Let  us  now  apply  the  Law  d  the  Uver  to  the  pitchfork. 

Ei^periamt  IZZ— The  Pitchfork. 


Jhree 


/likrum 


 JTorce.Arm, 


Fig.  4.  Appaxattu :  Pitchfork,  Wtight,  Bgt^ 

To  find  how  much  foroe  each  hand  ezeria  in  uniw  a 

pitchfork :  • 

1.  Balance  the  pitchfork  without  the  weight  or  spring 
balanoe.  To  do  this  attach  the  cord  of  the  support  at 
such  a  point  A  that  the  fork  handle  remains  horizontal. 
A  ia  the  fulcnun. 

To  find  the  foroe  exerted  by  the  right  hand : 

2.  Measure  the  distance  from  A  to  a  point  B  about  2  in 
from  the  end  of  the  handle  (i.e.,  about  where  the  middli 
of  the  hand  would  come  if  the  fork  were  in  use).  Measure 
the  distance  from  A  to  C,  the  middle  of  the  centre  tine 

Cdciilate  the  foroe  at  B  that  wiU  support  6  lbs.  attached 
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Find  this  force  expoimentally.  To  do  this,  attach  6  lb& 

at  C  and  find  the  force  at  B  with  the  spring  balance. 

Does  the  calculated  force  agree  with  that  found  by  experi- 
ment ?   Does  the  Law  of  the  Lever  apply  to  the  fork  ? 

To  find  the  force  exerted  by  the  left  hand  : 

3.  Calculate  this  as  follows :  Find  the  weight  of  the 
fork  on  the  epring  balance.  Add  to  this  the  force  at  B 
and  the  5  lbs.  at  C. 

Find  it  by  experiment.  To  do  this,  attach  the  spring 
balance  to  the  support  and  then  attach  the  cord  holding 
the  fork  i-j  the  spring  balance.  Now  balance  the  fork 
a£9iD,  then  attadi  the  5  Ibe.  at  C  and  hold  the  fork  at  B 
with  the  hand.    Read  the  force  indicated  on  the  balance. 

Does  the  calculated  force  agree  with  that  found  by 
experiment  ? 

Suggestions  for  experimemts  at  home : 

1.  Make  experiments  similar  to  1,  2  and  3  with  a  fork 
at  hosus. 

2.  ICake  ezponments  of  joar  own  with  a  Inrk. 

1.  A  jntoUiork  is  balanced  as  in  the  flgnxe ;  the  distoaoe 
AB  is  40  in.,  and  the  distance  AC  is  24  in.  What  fmw 
at  B  will  support  10  lbs.  placed  at  C  I 

2.  If  the  fork  mentioned  in  exercise  1  weighs  3  lbs.,  what 
fcHoe  must  tiM  left  hand  at  A  ezMtt 

5.  A  man  is  using  a  shovel  left-handed ;  the  left  hand  is 
lifting  at  a  point  25  in.  from  the  right  hand,  and  10  in.  from 
the  centre  of  the  pan.  There  is  15  lbs.  on  the  pan.  What 
force  does  the  right  hand  exwtt   Mak(^  a  roa|^  sketch. 

4.  If  the  shovel  in  exmwb  S  weighs  4  lbs.,  what  force  does 
the  left  hand  exert  ? 

6.  Is  it  well  for  a  boy  to  learn  to  use  a  shovel  and  pitch- 
fnrk  botii  rj|^t4ianded  and  kft-handed  t  "Whjl 


A(»ICIULTinUB  AND  NaTUEE  StUDY 


Beoord  the  weather  oonditiona. 

What  experiments  did  you  make  at  home?  What 
results  did  you  obtain  ? 

Levers  of  the  let,  2nd  and  3rd  class. 
In  tiie  levers  that  we  have  been  studying  so  far 
via.,  the  crowbar,  shean,  thovel,  fork,  etc.,  notice  the 

position  of  the  ful- 
crum.   Where  is  it 
placed  with  regard  to 
the   force   and  the 
weight  in  every  case? 
The  f  nlcram  in  every 
case  has  been  some- 
where   between  the 
force  and  the  weight 
Levers  in  which  this 
is   tme    are  called 
Levers  of  the  IstCSaM. 
See  (1)  Fig.  6. 

In  what  other  ways 
ought  we  arrange  the 
force,  weight  and  ful- 
crum in  a  lever  ?  One 
way  is  as  in  (2)  Fig.  5, 
in  which  the  fulcrum 
is  at  (me  end,  the  fence 
at  the  other,  and  the 
weight  between  them.  Levers  of  this  kind  are  caUed 
Levers  of  the  2nd  Class.  Examples :  Nut  crackers,  crow- 
bar, as  in  Fig.  7 ;  wheelbarrow  (as  in  Fig.  8). 

What  is  the  only  other  possible  anangemmit  of  the 
foroe,  weight  andfulorum?  We]i*v«Hin  (S)  Kg.  5,  in 


m^.  gA 


0)  Urn  of  itt  Omm. 
FA 

4,  — —  i 

WA|±] 


FA  m/oree  arm.  WA  >«w^ift|  < 
6)  Urtr  «f  M 
Fig.  5. 
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which  the  fulcrum  is  at  one  end  and  the  weight  at  the 
other,  with  the  force  between  them.  Examples:  Sugar 
tongs,  shovel,  as  in  Fig.  10;  fork,  as  in  Fig.  11. 

Th&n  are  three  classes  of  levers  th«i,  and  we  will  find 
that  some  ci  lia  tools  belong  to  <xolj  ooo  dMH,  while 
others  belong  to  two  classes,  according 
to  the  way  they  are  used,  as  crowbar 
Ist  and  2nd,  shovel  and  fork  Ist  and 
Srd,  etc 

Let  us  make  an  experiment  now  to  see 
whether  the  Law  of  the  Lever  holds  for 
levers  of  the  2nd  class. 

Experiment  W.—hsnm  of  the  Second 
Class. 


Fig.  0.  Appanttu :  Tali  Mkfe,  9t^g  BalasM,  WMght,  Bapft. 

To  find  whether  the  Law  ol  the  Lever  holda  lor  ler«r»  at 
tile  2nd  class : 

1.  Arrange  the  yard  stick  as  in  the  sketch.  Find  the 
loKoe  fadjqrted  esk  &e  ^ring  balance,  wkm  k  so 
wei|^  aMMsbed  to  the  (rtidc  This  ki  tiM  Imw 
to  nq^jioil  QM  Mid  ol  tiM  iMdL  Itfloord  Ait  iorak 
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2.  Measure  the  force  arm  AB,  and  caleolate  the  force 

that  will  be  necessary  to  support  i  weight  of  5  Ibe.  attached 
12  in.  from  the  fulcrum  A.  Add  to  this  the  force  neces- 
sary to  support  the  stick  alone.  The  result  is  the  total 
iorce.  Find  this  total  force  experimentally  by  attaching 
the  6  lbs.  at  12  in.  from  the  fnlcnun. 

Does  the  total  force  found  by  calculation  agree  with 
that  found  by  experiment? 

Does  the  Law  of  the  Lever  apply  to  levers  of  the 
2nd  class? 

3.  Calculate  the  total  force  necessary,  if  the  5  Ibi.  is 

placed  some  other  distances  from  the  fulcrum. 
Then  find  this  total  force  experimentally. 

SuggeOiomfor  expmmmtt  ai  htme  : 

1.  Make  experiments  nmilar  to  1,  2  and  S  with  any  ttiek 

and  a  spring  balance. 

2.  Examine  all  the  levers  you  can  find ;  for  example,  on 
reapers,  mowers,  pumps,  etc.,  and  decide  whether  they  are 
ol  the  Ist,  2nd  or  3rd  class. 

3.  Measure  the  force  arm  and  weight  arm  in  all  the  levers 
you  find,  and  calculate  how  much  weight  could  be  lifted  by 
30  lbs.  of  iwoe.  ' 

XZMtlSM 

1.  A  lever  of  the  2nd  class,  3  ft.  long,  is  arranged,  as  in 
Fig.  6.  It  takes  J  lb.  of  force  to  support  one  end  of  the  stifllc 
alone.  What  total  force  will  be  necessary  at  B  to  muKMvt 
12  lbs.  placed  1  ft.  from  the  fulcrum? 

2.  What  would  be  the  total  force  neoessaiy  in  exercise  1 
if  the  12  lbs.  were  placed  1 J  ft.  from  the  foliatim  t 

8.  What  would  be  the  total  force  necessary  in  exNOie  1, 
if  the  12  lbs.  were  placed  2  ft.  from  the  fulcrum  ? 

4.  A  crowfaw,  6  ft  long,  is  arranged,  as  in  Rg.  6.  It  takes 
»  as.  of  fotoe  to  siqiport  one  eod  wh«i  there  is  no  weight 
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oo  tile  bar.  What  total  force  will  be  neoenary  to  rapport 
100  lbs.  placed  1  ft.  from  the  fulonun  t 

5.  What  will  be  the  total  force  in  exercise  4,  if  the  100  Ibc 
is  attached  1^  ft.  from  the  fulcrum  1   Make  a  sketch. 


Record  the  weather  cmidHkmi. 

What  experiments  did  you  make  at  home  ?  How  many 
levers  did  you  examine  ?  Of  what  class  were  they  ?  What 
were  the  results  of  your  calculations  as  to  the  weight  that 
could  be  lifted  by  20  lbs.  of  force  r 

In  Lesson  IV  we  expoimented  with  ft  rimide  lever  of 
the  2nd  class,  and  found  that  the  Law  of  the  Lever  ap- 
plied to  it.  Let  us  to-day  experiment  with  the  crowbar. 
In  Lesson  I  (Fig.  1)  we  have  a  crowbar  when  it  is  used  as 
a  lever  of  the  Ist  cliun.  In  Fig.  7  bdow  it  is  being  used  as 
a  lever  (rf  the  2nd  ebun.   Whal  is  the  difinmioe  ? 

Etpmnmt  V.—Tbe  Crowbar. 

To  find  whether 
the  crowbar  obey* 
the  Lever  Law : 

1.  Arrange  the 
crowbar  as  in  the 
figure.  The  point 
is  the  fulcrum,  and 
the  spring  balance 
exerts  a  force  up- 
wards. Measure 
the  force  arm, 
the  distance  from 
the  fulcrum  to  the 
force.    Adjust  the 

cord  until  this  is  some  whole  number  of  inches. 


Flf .  7.  ACTWtM :  Cnni^,  Chair,  WUght, 
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Record  the  force  necessary  when  there  is  no  wekht  on 
thefaw.  ^ 

2.  Calculate  the  total  force  that  will  Iw  nqnixed  if 
10  lbs.  is  placed  12  in.  from  the  fulcrum. 

Find  the  force  by  experiment.  Does  the  crowbar  ob^ 
Uie  Lever  Law? 

8.  Galdilate  the  total  force  necessary  if  the  10  lbs.  is 
placed  at  Pome  other  distance  from  the  fulcmm.  Knd 
the  force  oy  experiment.  Does  the  crowbar  obey  the 
lever  law? 

Suggestions  for  experiments  at  heme : 

1.  Make  experiments  similar  to  1,  2  and  3  with  your  own 
crowbar. 

2.  If  you  have  a  crowbar,  a  spring  balance  weighing  up  to 
25  lbs.,  ana  a  strong  support  for  the  point  of  the  crowbar, 
how  could  you  arrange  them  so  as  to  wdgh  a  man  weiidiinff 
2001bs.t  Make  a  drawing  of  it 


1.  A  crowbar  is  arranged  as  in  the  figure.  The  force  is 
appUed  60  in.  from  the  fulcrum ;  it  takes  6  lbs.  of  force  to 
sapport<nie«id  whentiiereisno  weigtbouit  What  is  the 
total  force  required  to  sai^KHt  a  wei^t  of  120  lbs.  placed 

5  in.  from  the  fulcrum  1 

2.  What  total  force  would  be  requund  if  400  lbs.  wen 
I^aoed  8  in.  from  the  folcntmt 

3.  In  exercise  1.   If  the  total  force  is  106  lbs.,  what  is 

the  lift  4  in.  from  the  point  f  What  is  the  lift  1  in.  from  the 

point? 

4.  A  crowbar  is  used  as  a  lever  of  the  1st  class.  The 
distance  from  the  folomm  to  the  force  is  6  ft,  and  from  the 
fulcrum  to  the  point  is  1  in.  A  man  exerts  his  whoto 
force,  160  lbs.  What  is  the  lift  at  the  point!  Le»va  out 
weic^t  of  bar.   Make  a  sketch. 
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Lesson  VI 

Record  the  weather  conditions. 
Wbat  experiments  did  you  make  at  home?  What 
were  your  reralte?   What  plan  have  you  for  weiirhinK 

the  200  lb.  man  ? 

In  Lesson  V  we  found  that  the  crowbar  obeyed  the  Law 
of  the  Lever.  Also  we  found  that  one  man  could  lift 
enormous  weights  by  using  the  crowbar  in  the  proper 
manner. 

Let  us  next  experiment  with  the  wheelbarrow.  Look 
at  the  wheelbarrow  in  the  figure  below.  Where  is  the 
weight?  Where  is  the  force  applied  to  lift  the  weight? 
Where  is  the  fulcruxn  f  What  class  of  lever  is  the  wheel- 
barrow? 

^Bpermeat  FZ— The  Wheelbarrow. 

To  find  whether 

the  wheelbarrow 
obeys  the  lever  law : 

1.  Arrange  the 
wheelbarrow  as  in 
the  figure.  Measure 
the  distance  from 
the  fulcrum  (the 
axle)  to  the  points 
where  the  cord  is 
attached.  Make  this 
distance  a  whole 
number  of  inches. 

Record  the  force 
necessary  to  sup- 
port the  handles  of 


the  whedfaaxrow  when  there  is  no  weudit  <hi  it 
17 
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2.  Calculate  the  total  force  that  will  be  necessary  if 
10  lbs.  is  placed  15  in.  from  the  fulcrum.  Find  this 
totel  lone  experimentally. 

Doee  the  calculated  total  foroe  agiee  with  that  found 
experimentally? 

Does  the  wheelbarrow  obey  the  lever  law  ? 

3.  Calculate  the  total  force  that  will  be  necessary  if  the 
10  Ibe.  is  placed  at  some  other  distance  from  the  fulcrum. 

Find  this  total  foroe  experimentally. 
Doee  the  whedbanow  obey  the  lever  law? 

Suggettionifor  experimeni$  cU  home  : 

1.  Make  experiments  similar  to  1,  2  and  S  with  your  own 
whefclbarrow. 

2.  Tie  the  string  nearer  to  the  axle,  i.e.,  make  the  handles 
shorter.  Is  more  or  less  force  required  on  the  balance  t 
Whyl 

3.  Make  the  handles  longer  by  tying  on  extra  jneoes.  Is 
mom  m  less  f<Hroe  required  on  the  balaim  t   Why  t 

BztrclMi 

1.  It  takes  4  lbs.  to  support  the  wheelbarrow  handles  when 
no  weight  is  on  it.  The  distance  from  the  force  to  the  ful- 
crum is  50  in.,  and  20  lbs.  is  placed  15  in.  from  the  axle. 

What  is  the  cotal  force  1    Make  a  sketch. 

2.  What  weald  be  the  total  force  in  (1),  if  the  20  lbs.  were 
placed  25  in.  from  the  axle  t 

S.  If  we  made  the  handles  of  the  barrow  1  foot  longer,  t.e., 
62  in.  instead  of  50  in.,  what  would  be  the  total  force  when 
20  lbs.  is  placed  25  in.  from  the  fulcrum,  the  force  neces- 
sary to  support  the  handles  when  there  is  no  load  being 

8|  Ib8.t 

4.  What  is  the  advantage  at  having  longer  handles  mi  the 
wheelbarrow  t 
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lmm  vn 

Reoord  the  wMth<u-  uooditiona 

What  ezperimentt  did  joa  iittk»  at  Ikmm  wHh  tht 

wheelbarrow  ?   What  results  did  you  obtain  ? 

In  Lesson  IV  we  took  up  levers  of  the  first,  second  and 
third  class,  and  we  learned  that  levers  of  the  third  class  are 
thoM  in  which  tbe  fubram  ia  At  one  end  and  the  weight 
at  the  other,  and  the  force  somewhere  between.  Let  ne 
to-day  experiment  to  lee  whether  the  lever  law  appliet  to 
this  last  class  of  levers. 

Experirrmt  Fil— Levers  ol  the  Third  ^It' 

To  find  whether  the 
lever  law  applies  to  levers 
of  the  third  dass : 

1.  Attach  the  spring 
balance  as  in  the  figure, 
1  foot  from  one  end  of 
the  yard  stick ;  hold  this 
end  down  on  the  table. 
This  end  ia  the  fnlonim. 


Record  the  force  neoeoiaiy  to  support  the  lever  when 
there  is  no  wdf^t  on  it 
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2.  Calculate  the  total  force  that  will  be  necessary  if  we 
place  2  lbs.  2  feet  from  the  fulcrum.  Find  it  experi- 
mentally. Does  the  calealated  loroe  agree  with  that 
found  by  experiment?  Doei  the  lever  law  ^ndy  to 
lerers  of  the  third  class? 

8.  Calculate  the  total  force  that  will  be  neceseary  if 
2  lbs.  is  attached  3  feet  from  the  fulcrum.  Find  this 
total  force  by  experiment  Doei  the  Law  of  the  Lemr 
apply  to  leTen  of  the  third  daw? 

Suggestions  for  experiments  at  home : 

1.  Make  experiments  similar  to  1,  2  and  3  with  any 
straight  atiok. 

2.  Make  experiments  ol  your  own  with  a  lerer  <ii  the  third 
class. 

Ezerdaes 

1.  If  a  lever  of  the  third  class  is  arranged  as  in  sketch, 
the  force  being  attached  1  foot  from  the  fulcnun,  what  total 
force  will  be  necessary  to  support  2  lbs.  at  18  in.  ttom  the 
fulcrum,  if  it  takes  6  ozs.  to  support  the  lever  alone ! 

2.  What  force  will  be  necessery  in  (1)  if  2  lbs.  is  placed 

2^  ft.  from  the  fulcrum  1 

8.  If  the  force  is  attached  15  in.  from  the  folcrum,  in  a 
lever  of  the  third  class,  and  it  takes  5  ozs.  to  suppcnrt  the 

lever  alone,  what  total  force  will  be  necessary  in  each  case, 
if  3  lbs.  is  placed  in  succession  20  in.,  25  in.  and  30  in.  from 
the  fulcrum  f 

4.  A  boy  is  fishing  with  a  pde  6  feet  long ;  he  In^ds  the 

pole  with  one  hand  at  the  end  of  the  pole  and  the  other  in 
the  middle.  If  he  catches  a  fish  weighing  1  lb.,  what  force 
most  he  exort  with  the  bond  at  the  middle  to  lift  the  fish  t 
Leave  out  wei^t  <A  pole. 

5.  A  woman  is  sweeping  with  a  biuoui  -t  feet  long.  She 
holds  it  with  one  hand  at  the  end  and  the  other  at  the  middle. 
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If  she  iweeps  so  that  the  drag  on  the  floor  is  ^  lb.,  what 
force  most  the  hand  at  the  middle  exert  t   Leave  out  weight 

of  bfOOflia 

«.  Ill  10ms  of  fbe  tUrd  oIms  is  the  fone  Itm  than,  or 
gMatar  than,  the  weight  t 

7.  To  what  two  nkim  of  lerara  doee  tht  ahovel  beloQf  t 

LoMon  Vm 

Record  the  weather  conditions. 

What  experiments  did  you  make  at  home  with  a  lem 
of  the  third  class  ?   What  were  your  results  ? 

In  the  hurt  leston  we  experimrated  with  » lev«r  of  the 
third  class,  i.e.,  one  in  whidi  the  force  is  spj^ied  some- 
where  between  the  fulcrum  and  the  weight  In  levos 
of  the  first  and  second  class  we  found  that  the  force 
used  is  always  less  than  the  weight  lifted.  What  do 
yon  find  in  the  esse  of  levera  of  the  third  dass?  The 
force  is  always  greater  than  the  weight,  is  it  not?  Wot 
example,  in  the  shovel  and  pitchfork,  which  we  will 
consider  as  levers  of  the  third  class  in  the  next  two 
experimoits,  the  fcnoe  exerted  by  the  hand  nearest  the 
weight  is  always  gieator  than  the  weif^t  We  toee— as 
far  as  force  is  concerned— in  levers  of  this  class,  but  we 
gain  in  the  speed  with  which  the  weight  is  moved,  and 
in  convenience. 

In  Lesson  n  we  considered  tiie  diovel  as  a  lever  of 
the  first  class ;  in  that  ease  we  treated  the  left  hand 
as  the  fulcrum  and  found  the  force  exerted  by  the 
right  hand.  Let  us  to-day  experiment  with  the  shovel 
again,  but  consider  the  right  hand  to  be  the  fulcrum 
and  find  the  force  exerted  by  the  left  hand.  In  this 
case  we  are  using  the  shovel  as  a  .Ievw  of  the  third 
dass. 
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Experiment  VIII.— The  Shovel  as  a  Lever  of  the  Third 
Class. 

To  find  whether  the  lever  law 

applies  to  a  shovel  when  con- 
sidered as  a  lever  of  the  third 
class : 

1.  Balance  the  shovel  on  the 
cord  attached  to  the  spring 
balance  and    the  support 
Record  the  force  necessary  to 
support  the  shovel 
alone. 

2.  Hearare  tiie 
distance  from  the 
fulcrum  to  the  force, 


J^bnfAm  


1%.  10,  Appuatua:  Skml,  Weight,  Spring 


i.e.,  the  force  arm 
BA,  also  Uie  dis- 
tance from  the  fulcnun  to  the  oesatn  of  the  pan,  le.,  Hm 
weight  arm  BC. 

Calculate  the  force  at  A  that  will  be  necessary  to  sap- 
port  6  lbs.  placed  with  its  centre  over  C. 

Then  find  this  total  force  experimentally.  Hold  B  with 
the  hand,  and  place  5  lbs.  over  C. 

Does  the  calculated  force  agree  with  that  found  by 
experiment?  Does  the  lever  law  apply  to  the  shovd 
yrhea  considered  as  a  lever  of  the  third  class  ? 

3.  Find  the  force  exerted  at  B,  by  rising  the  spring 
balance.  Is  the  force  at  A  equal  to  that  at  B,  plus  the 
weight  at  C,  plus  the  weight  of  the  shovel  ? 

^'ggatbmifweqpmmentiothom: 

1.  Repeat  1,  3  and  3  with  a  shovel 

2.  Make  experiments  witii  mmm  other  lever  of  tiM  ^ird 
class,  luoh  as  a  fish-pole. 
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1.  A  shovel  is  suspended  as  in  the  sketch.  The  distance 
BA  is  24  in.,  the  distuioe  BC  in  32  in.  It  tdcea  4  lbs.  force 
to  support  the  shovel  alone  Wf^at  £or«e  at  A  wHI  be  reqairad 
to  support  5  lbs.  at  C  ? 

2.  If  we  think  of  the  i  Jc  uir  being  at  A  in  exercise  1, 
the  shovel  is  a  levw  ol  the  Li-it  ck'^s  What  fiwoe^t  B  will 
be  required  to  8app<»t  6  lbs  at  0 1 

8.  Consider  exercises  1  and  2 ;  the  force  at  B  and  the 
weight  at  C  are  pulling  down.  The  force  at  A  is  lifting  up 
against  both  of  these,  and  is  also  lifting  the  weight  of  the 
shovd ;  ibenlon,  the  fnm  at  A  must  be  equal  to  tiie  fotve 
at  B,  plus  tiie  wei^t  at  0,  plus  the  weight  oi  the  shoreL 
Is  it? 

4.  A  shovelful  of  earth  weighs  about  12  lbs.  If  we  were 
using  the  shovel  mentioned  in  exercise  1,  what  force  at  A 
would  be  necessary  to  support  a  dwvelfal  of  earth  wei^^hing 

just  12  lbs.? 

5.  What  force  would  be  necessary  at  B  in  exercise  4 1 

6.  Is  the  force  at  A  equal  to  that  at  B,  plus  the  wei^^t  oC 
the  earth,  plus  the  weight  of  the  shovel  t 

LeMon  IZ 

Record  the  weather  conditions. 

What  experiments  did  you  make  with  a  shovel  cor- 
nered as  a  lew  of  ib»  thud  dam  ?  What  ottor  Umx 
of  the  ^ird  class  did  you  flaq>eriiiMBt  with?  Whatwm 

your  results  ? 

In  Lesson  VIII  we  experimented  with  a  shovel,  think- 
ing of  it  as  a  lever  of  the  third  class.  Let  us  to-day 
^tpsH^oral  with  a  {siteMofk  ia  Hht  same  way  fin^  axA 
than  cany  tiM  wqwrfmwit  me  itq^  foitfiar. 
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Experinumt  IX.  -The  Pitchfork  as  a  Lever  of  the  Third 
Claag. 

Pabt  I.— To  find  whether 
the  Levfflf  Law  applies  to  a 
pitchfork  when  considered 
as  a  lever  of  the  third  class. 

Repeat  1,  2,  3  of  Experi- 
ment VIII,  using  the  fork 
instead  of  the  shoveL 

Part  IL— In  all  the 
experiments  that  we  have 
made  so  far  with  the  shovel 


IbrceArm 


Weight  Arm 


and  the  pitchfoA  in  Experiments  II,  m,  VIII  and 

A       w  !  "^^^  ^  ^^nce  the  shovel 

and  pitchfork  m  the  first  part  of  the  experiment  We 
did  ttds  in  order  to  amplify  the  experiment  by  having 
all  the  weight  of  the  shovel  and  the  pitchfork  come 
on  the  left  hand.  When  we  an  actually  udng  the 
shovel  or  fork  left-handed,  however,  we  do  notidways 
place  tiie  left  hand  exactiy  at  the  balancing  point.  For 
example,  if  we  have  to  carry  a  very  heavy  load  on  tiie 
pitchfork  where  do  we  place  the  hands?  We  move 
the  left  hand  closer  to  the  tines,  do  we  not?  And 
^nght  hand  also.    Let  ns  investigate  a  ease  erf  Oiii 
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To  find  whether  the  force  exerted  by  each  hand  is  leai 

when  they  are  moved  closer  to  the  weight : 

1.  Move  the  position  o!  A  and  of  B  1  foot  nearar  to 
the  tines,  Fig.  11a.  Of  course  the 
fork  is  no  longer  balanced  .  d  each 
hand  supports  part  of  its  weight. 

Keep  one  hand  at  B,  and  record 
the  part  of  the  weight  of  the  fork 
supported  at  A. 

Fasten  the  cord  to  the  support 
and  use  the  spring  balance  to  find 
the  part  of  the  weight  of  the  fork 
supported  at  B. 


Wig.  Ua. 


JbrceArm  A 


Weiffa  Aral. 


2.  To  find  the  force  exerted  by  the  right  hand  at  B 
when  there  is  6  lbs.  placed  at  the  centre  of  the  middle  tine. 

Consider  the  fork  as  a  lever  of  the  fint  class,  with  A  as 
the  fulcrum.  Measure  the  force  arm  AB,  and  the  weight 
arm  AC.  Calculate  the  force  at  B  that  will  support  5  lbs. 
suspended  at  C.  Subtract  from  this  force  the  part  of  the 
weightof  the  Irak  thai  B  8aiq9ort&  This  gives  the  total 
force  at  B. 

Find  this  total  force  experimentally,  by  attacdiiiig  tlM 
5  lbs.  at  C,  and  using  the  spring  balance  at  B. 

8.  To  fiul  the  force  exerted  by  the  left  hand  at  C. 

Ckmtider  the  foik  as  %  lever  of  the  tUnl  daw  with 
fukaramalB.  MsMiaethsloiw  umBAaDdtlMWii^t 
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ami  BC.  Calculate  the  force  at  A  that  will  support  6  lbs. 
at  C.  Add  to  tills  the  part  <rf  the  weight  of  tiie  fork  aup- 
ported  by  A.    This  gives  tiie  total  force  at  A. 

Find  this  total  force  experimentally.  To  do  this  attach 
tiie  spring  balance  to  the  cord,  suspend  5  lbs.  at  C,  and 
hold  B  with  the  hand.    Read  tiie  force  on  the  balance. 

4.  Are  the  forces  exerted  at  B  and  a  A  less  than  in 
Part  I  of  this  experiment  ?  Do  we  understand  now  why 
It  is  easier  to  carry  a  heavy  load  on  a  fork  or  shovel  when 
the  hands  are  closer  to  the  weight  ? 

Suggestions  for  experiments  at  home : 

1.  Make  experiments  as  in  Part  II,  placing  A  in  diftrant 
positions. 

2.  Make  ejqiaiments  (tf  your  own  witii  a  fork. 


BzetcitM 

1.  A  pitchfork  is  balanced  as  in  Fig.  11.  The  distance 
BA  la  3  feet ;  the  distance  BC  is  5  feet.  It  takes  3  lbs  to 
support  tiie  fork  alone.  What  is  tiie  total  force  at  A  required 
to  support  5  lbs.  attached  at  C  ? 

2.  If  we  think  of  the  fulcrum  being  at  A  in  exercise  1,  the 
fork  18  a  lever  of  the  first  class.  What  force  at  B  will  be 
required  to  suppmt  6  lbs.  at  Ct 

8.  Is  the  total  force  at  A  equal  to  the  force  at  B,  plus  the 
weight  at  C,  plus  the  weight  of  the  fork  ? 

4.  In  exercise  1,  A  and  B  are  shifted  1  foot  nearer  to  the 
tines ;  the  weight  of  tiie  fork  supported  at  A  is  2*  lbs.,  and 
at  B  i  lb.  What  force  must  tiie  right  hand  at  B  exert  to 
support  5  lbs.  at  C  ? 

6.  In  exercise  4,  what  total  force  at  A  is  ueoessarv  to  bud- 
p<Ht  6  lbs.  at  0 1  J  r 

6.  Are  the  forces  exerted  at  B  and  A,  exen»MS  4  and  6 
less  than  those  exerted  at  B  and  A,  exercises  1  and  21   Is  it 
-  to  lift  a  weight  when  the  hands  are  closer  to  the  tines ! 
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Lamm  Z 


Record  the  weather  conditions. 

What  were  the  results  from  your  «EperimaitB  at  home 

with  the  pitchfork  ? 

More  about  Levers. — In  Lesson  I  we  experimented  with  a 
simple  lever,  the  yard  stick,  with  two  weights,  and  found 
the  lever  law  to  be  "  weight  No.  1  multiplied  by  its  dis- 
tance from  the  fulcrum -weight  No.  2  multiplied  by  its 
distance  from  the  fulcrum."  Let  us  to-day  experiment 
with  the  same  lever  and  find  how  we  would  state  the 
lever  law  to  include  a  number  of  weights  on  each  side 
of  the  fulcrum. 

Experiment  X. — The  Lever. 

To  state  the  Lever  Law  when 
applying  it  to  a  levw  with  a  number 
cA  wdg^ts  on  each  sicto : 

1.  Balance  the  yard  stick.  Place 
1  lb.  6  in.  from  fulcrum  and  1  lb. 
10  in.  from  the  ful- 
crum on  same  side. 
Find  experimentally 
where  1  lb.  will  bal- 
ance them.  What  is 
thekw? 


< — jfi:...> , 


2.  Place  1  lb.  at  6  in.  from  the  fulcrum  and  2  lbs.  at 
10  in.  from  the  fulcrum  on  the  same  side.  '  Find  experi- 
mentally whore  2  lbs.  will  balance  them.    What  is  the 

law? 

Have  you  found  the  law  ?  May  it  be  stated  as  follows  : 
Find  the  product  cl  each  weight  by  its  distance  from  the 
fulcrum,  then  "the  sum  of  the  products  on  one  side  of 
the  luloram  equab  the  Kun  of  the  iuK)duots  oil  the  <Mli^ 
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Try  this  law  in  the  following  cases : 

3.  If  1  lb.  be  placed  4  in.  from  the  fulcrum  and  2  lbs. 
9  in.  from  the  fulcrum  on  the  same  side,  calculate  where 
2  lbs.  will  balance  them.  Try  it  experimentaUy.  Does 
the  law  hold  ? 

4.  If  1  lb.  be  placed  3  in.  from  the  fulcrum  and  2  lbs. 
16  m.  from  the  fulcrum  on  the  same  side,  and  2  lbs.  8  in 
from  the  fulcrum  on  the  other  side,  calculate  where  1  lb 
will  balance  the  lever.    Try  it  experimentally.    Does  the 
law  hold? 

Suggatioru  for  expermenta  at  hme: 

1.  Arrange  a  straight  stick  and  spring  balance  as  a  lever 
of  the  second  class.  Use  two  or  three  weights  Find 
whether  the  force  multiplied  by  its  distance  from  the  fulcrum 
equals  the  sum  of  the  products  obtained  by  multiplying  each 
weight  by  its  distance  from  the  fulcrum. 

2.  Make  the  same  experiment  with  the  stick  and  sprimr 
balance  arranged  as  a  lever  of  the  third  class. 

Bznciset 

o  ,u  y*"!  "  balanced  at  the  centre.  On  one  side  is 
J  lbs.  6  in.  from  the  fulcrum,  and  1  lb.  8  in.  from  the  ful- 
crum. Where  must  2  lbs.  be  placed  to  balanoe  the  lererf 
Make  a  sketch. 

2.  If  3  lbs.  be  placed  6  in.  from  the  fulcrum  and  2  lbs 
10  in.  from  the  fulcrum  on  the  same  side,  and  4  lbs.  is  placed  • 
6  m.  from  the  fulcrum  on  the  other  side,  where  must  1  lb.  be 
placed  to  balance  the  yard  stick  ?    Make  a  sketch. 

8.  A  yard  slick  is  arranged  as  a  lever  of  *he  second  class 
with  the  fulcrum  at  one  end  and  the  foi  >  at  the  other 
6  lbs.  IS  placed  8  in.  from  the  fulcrum  and  4  bs.  24  in.  from 
the  fulcrum.  What  force  is  necessary  to  Dalanoe  themi 
Ji^ect  the  weight  o£  the  stick.    Make  a  sketch. 
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4.  Two  boys  are  carrying  50  lbs.  tied  to  a  pole  7  ft.  long. 
The  pole  weighs  6  lbs.  Each  boy  has  his  shoulder  1  foot  from 
an  end  of  the  pole.  If  the  weight  is  attached  2  ft.  from  the 
shoulder  of  the  boy  in  front,  how  much  is  each  boy  carrying  t 
Make  a  sketch.  [Note. — To  calculate  what  the  second  boy 
is  carrying,  consider  the  shoulder  of  the  boy  in  front,  to  be 
the  falcnun,  and  treat  tin  bar  as  a  lever  of  the  aeocmd  dam. 
Berwse  the  prooen  to  Bmi  what  the  boyinfrontisoMzying.] 

Lesson  ZI 

Record  the  weather  conditions. 

What  were  your  results  with  levers  of  the  second  and 
third  class  with  two  or  more  weights  7 

The  Derrick. — In  the  experiment  to-day  let  us  work  with 
a  derrick.  It  is  not  practicable  to  work  with  a  large 
derrick,  so  let  us  make  a  small  one  with  a  yard  stick  as  in 
the  figure  below.  We  know  that  a  derrick  is  used  for 
lifting  and  moving  heavy  weights ;  the  swinging  arm  AB 
is  called  the  boom,  the  weight  hangs  from  B,  the  force  is 
applied  along  BE,  and  the  fulcrum  is  at  A.  Evidently, 
then,  the  derrick  is  a  lever  of  some  kind.  Let  us  decide 
what  to  take  as  the  force  arm  and  weight  arm.  In  all  the 
levers  tiiat  we  have  been  studying,  the  forco  has  been 
acting  vertii  ly  upwards  or  downwards.  For  example, 
see  Figs.  2,  3,  4  and  5.  In  each  of  these,  what  is 
the  angle  betM^cen  the  force  arm  and  the  direction  along 
which  the  force  acts  ?  Always  a  right  angle,  is  it  not  ? 
In  the  case  of  the  derrick,,  then,  the  foroe  ann  is  the 
perpendicular  distance  from  the  fulcrum  A  to  the  line 
along  which  the  force  acts;  t.e.,  the  force  arm  is  AD 
at  right  angles  to  BE.  Similarly,  the  weight  arm  is 
the  perpendicolur  distuioe  from  ^  folcrum  to  the  line 
along  which  the  wd|^t  acts ;  ic,  AB  ir  (1)  and  AF 
in  (2). 
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Experiment  XL— The  Derrick. 


Wi.18.  Annctas:  Tart  Stick, 


(2) 


To  find  whether  the  I^ver  Law  applies  to  the  derrick  : 
1.  Arrange  the  derrick  as  in  (1),  the  boom  being  hori- 
wntal  with  6  lbs.  attached  at  B.    Measure  the  force  arm 
AD  and  the  weight  arm  AB.    Calculate  the  force  which 
It  18  necessary  to  exert  along  BE  to  support  6  lbs.  at  B 
(Force  x  AD  =  5  x  AB).    Find  this  force  experimen'.Uy 
as  follows:  Read  the  force  indicated  on  the  spring  ba'  aices 
when  the  5  lbs.  is  attached  at  B,  then  remore  the  6  lbs 
and  find  the  force  necessary  to  support  the  boom  alone. 
The  difference  between  these  readings  is  the  force.  Does 
Uie  calculated  value  of  the  force  agree  with  that  obtained 
by  experim^t? 
Does  the  Lever  Law  i^ply  to  the  derrick  t 
2.  Arrange  the  derrick  as  in  (2).    Measure  the  fone 
ami  AD  and  the  weight  arm  AF.  Calculate  the  foroe  Oial 
wm  support  5  lbs.  attached  at  B. 
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Find  the  force  experimentally  as  in  (1).  Does  the  cal- 
culated value  agree  with  the  experimental?  Does  the 
Lever  Law  apply  to  the  derrick  ? 

Suggeation8  for  experimenl  at  home : 

Arrange  a  derrick  as  illustrated  above  and  try  it  in  new 
positions.  Measure  the  force  arm  and  weight  arm.  Calculate 
the  foroei,  then  find  it  hy  expwhnent 

Ezerclses 

1.  What  class  of  lever  is  the  derrick  1  If  the  force  arm 
AD  is  less  than  the  weight  arm  as  in  (1)  it  is  a  lever  of  the 
Srd  class.   If  the  force  arm  is  greator  than  tiie  weight  ann, 

it  is  a  lever  of  the  2nd  class. 

2.  If  the  weight  arm  AB  in  (1)  is  3  ft.  and  the  force  arm 
is  2  ft.,  what  force  will  support  10  lbs.  attached  at  B1 
Leave  oat  weij^t  ot  boom. 

8.  If  a  derrick  is  arranged  as  in  (1)  and  the  boom  is  20  ft 
long  and  the  force  arm  is  15  ft.,  what  force  will  be  required 
to  support  ^  ton  ?   Leave  out  weight  of  boom. 

4.  If  the  weight  arm  AF  in  (2)  is  2  ft.  and  the  force  arm 
AD  is  2^  ft.,  what  force  will  be  needed  to  rappOTt  10  Ifas. 
attached  at  B  t   Leave  out  weight  of  boom. 

5.  If  a  derrick  is  arranged  as  in  (2)  and  the  weight  arm  is 
16  ft.  and  the  force  arm  is  Iti  ft.,  what  force  will  be  required 
to  support  ^  ton  f  L»v«  cmt  wei^^t  ol-booiQ. 

LeMoa  Zn 

Record  the  weather  conditima. 

What  were  the  results  ci  your  ezpodments  at  home 
with  the  derrick  7 

The  Wmdkm  md  FrklSm.  —We  axe  all  familiar  with  some 
ham  ot  Uie  windiaaB ;  for  ezamfde,  the  mie  frequently 
used  for  dnwing  inter  from  »  well  with  a  chain  and 
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boekei  The  force  is  appUed  at  the  crank  handle ;  the 
weight  is  the  chain,  bucket,  and  water  in  the  bucket 
Where  la  the  fulcrum  ?   The  centre  of  the  axle  or  drum, 

is  it  not  ?   What  class  of  lever  is  the  windlass  ?   The  first 
class  during  one  half-turn  and  second  during  the  other. 
Let  us  find  whether  the  lever  law  applies  to  the  windlass. 
Experiment  XTL— The  Windlass  and  Friction. 


B 


ViC>  H.  Affantm :  WiadlaM,  Wtlgkt,  Bgiiag  BidaMt,  Oort. 

To  find  whether  the  Lever  Law  applies  to  the  wiadhm: 
1.  Measure  the  force  arm,  that  is,  the  crank  arm  AB, 

and  the  weight  arm;  i.e.,  the  radius  of  the  drum  Ac! 
Calculate  the  force  necessary  at  B  to  support  25  lbs! 
suspended  at  C. 

Then  find  the  force  experimentaUy.  To  do  this,  arrange 
the  windlass  as  in  Fig.  l4 ;  that  is,  have  the  crank  arm 
hanging  down,  because  in  this  position  the  weight  ol  the 
arm  does  not  affect  the  experiment 

Attach  the  weight  at  C,  and  find  the  force  on  the  spring 
balance  attached  at  B. 

Frictim.— When  you  have  made  this  experiment  care- 
fuUy  you  will  notice  that  it  takes  less  force  than  you  calcu- 
lated to  mpport  the  weight  Also  if  you  pull  on  the  crank 
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handle  with  the  spring  balance  bo  as  to  slowly  raise  the 
weight,  you  will  find  that  it  takes  a  little  more  force  than 
the  calcolated  valne. 

What  ia  it  that  makes  it  harder  o  lift  the  weight,  bat 
easier  to  suppoH  it  ?  It  is  the  friction  of  the  axle,  is  it  not  ? 
Let  us  consider  friction  for  a  time.  Think  of  all  the  cases 
of  friction  you  can.  How  does  the  friction  always  act 
with  regard  to  the  motion  yon  wish  to  producer  Frictiflo 
always  tends  to  stop  the  motion,  does  it  not  ?  This  is  a  Law 
of  Friction;  i.e.,  friction  always  acts  against  the  motion. 

Now  that  we  know  this  Law  of  Friction,  let  us  go  back 
to  the  experiment  above.  We  can  find  the  force  that  will 
just  support  the  weight,  if  there  were  no  fUotion,  as  fdlowi : 

Pull  on  the  spring  balance  so  that  the  weight  is  slowly 
raised.  Record  the  reading  on  the  balance.  Then  let  the 
spring  balance  go  back  slowly,  so  that  the  weight  is  slowly 
lowered.   Record  Hhe  reading  on  the  balance. 

In  the  first  case  the  friction  is  opposing  the  motion,  m 
that  the  reading  on  the  balance  is  equal  to  the  force  that 
would  balance  the  weight,  if  there  were  no  friction,  plus 
the  friction.  In  the  second  case  the  friction  is  also 
oiqpocdng  the  motion,  so  that  we  have  to  exert  a  less  poll 
on  the  q)ring  balance  to  keep  the  motion  downward  a 
slow  one.  That  is,  the  reading  on  the  balance  is  equal  to 
the  forcf  that  would  just  support  the  weight,  if  there  were 
no  friction,  minus  the  friction.    So  we  have : 

Reading  I  —  force  that  sapports  weight  +  friction. 
Beading  II -force  that  tnpporta  w^^t-Metioa. 

If  we  add  these  together  we  get : 

ReMHng  I  +  RsMlIng  n  -  8  X  fom  that  woold  just  si^port 
the  weif^l,  if  Hbm  were  no  bk^oa, 

^_Reidiiig  I  Reading  n 
2 

U 
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In  this  way  we  have  eliminated  the  friction,  and  have 
obtained  the  force  that  would  Jost  rapport  the  w<  ight  if 
there  were  no  friction.  D(H's  this  force  agree  with  the 
calculated  value  ?  Does  tho  lever  law  apply  to  the  wind- 
lass when  we  eliminate  the  friction  ? 

2.  Make  an  experiment  similai  j  1,  uBing  a  weight  o! 
16  Ibe. 

Sugg€«tioiuf for  experimenUi  at  home: 

1.  Make  an  experiment  with  a  well  windlass.  U8e  a  spring 
balance  to  weigh  the  bucket  with  water  in  it,  and  part  of  the 
chain.  Measure  tho  radius  of  tho  drum  and  the  crank  arm. 
Calculate  the  force  that  would  balance  the  backet,  then  find 

it  by  experiment  as  above. 

2.  If  there  is  no  windlass  convenient,  make  one  by  using 
an  old  broom  handle  or  fork  handle  for  the  drum  and  a  piece 
ol  lath  for  crank  arm.    Experiment  with  <^hi% 

Exercises 

1.  The  radius  of  the  drum  is  2  in.,  the  crank  arm  is 
12  in.  long;  what  force  will  suppcnt  26  lbs.  if  there  is  no 
friction  t 

2.  If  the  radius  of  the  drum  is  2  in.,  and  the  crank  arm 
is  12  in.,  what  weight  can  be  supported  by  a  force  of  30  lbs. 
if  there  is  no  friction  1 

8.  In  finding  the  force  experimentally,  we  find  that  it  takes 
a  pull  of  15  lbs.  on  the  spring  balance  to  raise  a  weight 
slowly,  and  only  10  lbs.  when  we  are  lowering  the  weight 
slowly.  What  is  the  force  that  would  just  balance  the 
wdghtt  if  t^i««  wtflre  no  friction  1   What  is  the  friction  t 

4.  If  the  reading  on  the  balance  is  8  lbs.  when  »  wdgfat  is 
slowly  raised,  and  5  lbs.  whe  t  is  slowly  lowered,  what  is 
the  force  that  would  balance  the  weight,  if  there  were  no 
friction.   What  is  the  friction  t 
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zm 

Record  the  weaUter  conditions. 

WhM  were  the  results  of  your  experiments  with  the 
windlass  at  home  ? 

The  Iaiw  of  the  Pulley  and  the  Law  of  Machinu.-^Wfi  ue 
all  acquainted  with  systems  of  pulleys  such  as  are  illus- 
trated in  the  figure  below.    Let  us  examine  them  to  find 
some  relation  between  the  weight  lifted  and  the  force. 
In  (1)  where  there  is  just  one  pulley,  if  we  have  lOlbt. 
of  weight  and  we  eliminate  the  friction,  how  much  foroe 
wiU  it  take  to  support  it?   It  will  be  just  10  lbs.,  as  we 
shall  iee  later.    Notice,  however  (2).    How  many  ropes 
are  there  supporting  .lie  weight?  How  much  does  each 
rope  support?   How  much  must  the  for  .       on  the 
spring  balance  to  support  the  weight?   Ther.  are  two 
ropes  supporting  the  total  weight  of  15  lbs.,  so  each 
supports  just  I  of  it,  or  7^  lbs.,  and  as  the  force  is  pulling 
agamst  only  one  of  these  ropes  it  wiU  be  J  the  weight,  or 
7i  lbs.  if  the  friction  is  eliminated. 

Again  in  (3)  there  are  three  ropes  supportmg  the  total 
weightof  16  lbs.  Each  then  will  support  i  of  it,  or  5  lbs  , 
and  as  the  force  is  pulling  against  only  one  of  the  ropes 
It  will  be  equal  to  J  of  the  weight,  or  5  lbs.,  ie.,  if  we 
eliminate  the  friction. 

Similarly  in  (4)  where  there  are  four  ropes  supporting  a 
total  weight  of  16  lbs.,  how  much  will  the  force  be  ?  The 
force  will  be  i  of  16  lbs.,  or  4  lbs.  if  we  eliminate  the  friction. 

What  then  is  the  Law  of  the  Pulley  ?  May  it  be  steted 
as  follows:  "If  there  were  no  friction,  the  force  that 
would  support  a  weight  on  any  system  of  pulleys  is  equal 
to  the  w^ht  divided  hf  the  number  of  ropes  supporfcimr 
the  weight"?  i'F"  "«8 

Lrt  us  test  this  law  experimentally. 
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Experiment  XIIL— Part  I.— The  Law  of  the  Pulley. 


Fig.  15.  Affuatu :  Palteya,  Waists,  Oori,  St^iaft. 
To  test  ihe  Law  ol  the  Polley: 

Li  order  to  decrease  the  friction  it  is  well  to  oil  the 
pulley  axles  and  use  a  stout  cord  in  place  of  the  usual 
heavy  rope. 

1.  find  the  force  in  (1),  Fig  15.  We  cannot  neglect 
the  friction,  but  we  can  find  the  force  that  would  just 

support  the  weight  if  there  were  no  friction,  as  we  did  in 
the  last  experiment.  That  is :  (a)  pull  on  the  spring 
balance  so  that  the  weight  is  slowly  raised.  Record  the 
reading  on  the  balance.  (6)  Decrease  the  pull  so  that 
the  weight  is  slowly  lowered,  and  record  the  reading  on 
the  balance.   Then  we  have  : 

Reading  I  =  force  +  friction. 
Reading  II »  force  -  friction. 
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Adding  these  we  have : 

2  Force  -  Reading  I  +  Reading  II. 
or  ir^- Beading  I -H  Reading  II 

2 

2.  Repeat  this  with  (2),  (3),  (4),  Fig.  16.  Does  the  Law 
of  the  Pulley  hold  ? 

Part  II.— The  Law  of  Machines. 

In  (2)  Fig.  15  there  are  two  ropes  supporting  the  weight 
How  far  down  would  we  have  to  pull  the  rope  to  which 
the  spring  bdanoe  is  attached,  ii  order  to  raise  the  weight 
1  foot.    How  far  in  (3)  and  (4),  Fig.  16  ? 

1.  Find  by  experiment  how  far  the  force  moves  down 
when  the  weight  is  raised  1  foot,  with  pulley  anaoaed  aa 
in  (2),  Fig.  16.  ^        *^  /«x«geaat 

2.  Make  the  same  experiment  with  pulleys  arranged  as 
in  (3)  and  (4),  Fig.  15. 

We  find  that  in  (2)  where  two  ropes  are  supporting  the 
weight,  the  force  moves  2  ft  to  raise  the  weight  1  foot 
When  there  are  three  ropes  as  in  (3),  the  force  moves 
8  ft  to  raise  the  weight  1  foot,  and  when  there  are  lour 
ropes  as  in  (4),  the  foroe  movea  4  ft  to  raise  the  wei^ 
1  foot 

Work.— Work  is  measured  in  foot  poimeU.  When  1  lb. 
is  raised  1  foot,  1  foot  pound  of  work  is  done.  If  1  lb. 
is  raised  2  ft. ,  2  foot  pounds  of  work  ara  done ;  if  2  lbs.  is 
raised  5  ft.,  the  work  done  is  10  foot  pounds.  Similarly, 
if  a  force  of  1  lb.  moves  1  foot,  1  foot  pound  of  work  is 
done,  or  if  a  force  of  6  lbs.  moves  4  ft,  20  foot  pounds  of 
work  are  dime. 

This  leads  us  to  the  Law  ol  Machines. 

In  (2)  Fig.  15,  7i  lbs.  of  force  moves  2  ft.  to  raise  16  lbs. 
Ifoot   The  work  put  into  the  pulley  is  71x2,  or  16  foot 
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pounds,  and  the  work  aooompliahed  is  15  x  1,  or  15  foot 
pounds. 

Again  in  (3),  5  lbs.  oi  force  moves  8  ft.  to  raise  15  lbs. 

1  foot   Again,  the  work  put  into  the  puUej  is  5  x  3  or 

15  foot  pounds,  and  that  accomplished  is  15  x  1,  or  15  foot 
pounds.  Similarly  in  (4)  the  work  put  into  the  pulley 
equals  the  work  done  by  it. 

This  gives  ns  the  very  important  "Law  d  Machines," 
vii.,  if  there  is  no  friction,  * '  The  work  done  by  a  im#gh^n<> 
is  equal  to  the  work  put  into  it." 

This  law  applies  to  every  machine  ever  made,  no  matter 
how  simple  or  how  complicated. 

In  every  machine,  however,  there  is  always  friction,  so 
that  the  work  we  get  out  is  always  less  than  the  work  we 
put  into  it.  Part  is  always  wasted  in  friction.  We  oil 
machines  and  use  roller  and  ball  bearings  to  make  this 
waste  as  little  as  possible. 

Suggestions  for  experiment  at  home  : 

Experiment  with  any  pulleys  you  have.  Show  that  the 
toxcB  equals  the  wdght  divided  the  nomber  of  ropes  sup- 
poriiing  the  weight  when  we  eliminate  friction.  Also  show 
that  when  the  weight  is  raised  1  foot  the  force  must  move 

2  ft  if  two  ropes  are  supporting  the  weight,  or  6  ft.  if  six 
ropes  are  sai^wrting  the  wdg^t  «te. 

Ezerclset 

1.  Draw  systems  of  pulleys  in  whidi  1,  2,  3,  4  and  5  ropes 
are  supporting  the  weight 

2.  In  a  system  ci  pulleys  in  which  two  n^pes  «re  sopportiiig 
the  weight,  the  lower  block  weighs  5  lbs.,  and  25  lbs.  is 
attached  to  the  lower  block.  What  is  the  force  t  By  ex- 
periment the  reading  on  tiie  balance  when  raising  the  weight 
slowly  ia  18  lbs.,  and  when  lowering  it  slowly  is  12  lbs. 
Whatistheforoel  What  ia  the  friction  f 
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3.  In  a  system  of  pulleys  in  which  four  ropes  are  support- 
ing a  weight  of  25  lbs.,  the  lower  block  weighs  7  lbs.;  what 
force  would  balance  this,  if  there  were  no  friction?  By 
experiment,  the  readings  on  the  balance  are  12  lbs.  to  niie 
and  4  lbs.  to  lower.  Whftfe  u  the  foroet  What  is  the 
friction  1 

4.  State  the  I^aw  of  Machines. 

8.  In  exercise  2,  if  the  weight  of  SO  lbs.  is  raised  1  foot, 
how  far  does  the  force  movel  How  many  foot  pounds  of 
work  are  done  on  the  weight  ?  How  many  foot  pounds  of 
work  does  the  force  do  ?   Does  the  law  of  machines  hold  ? 

«.  In  ezmase  8,  if  the  32  Ibe.  of  weight  is  raised  1  foot> 
how  far  does  the  foroe  move?  How  numy  foot  pounds  <tf 
work  are  done  on  the  weight  1  How  many  foot  pounds  of 
work  does  the  force  do  1   Does  tJhe  law  of  machines  hold » 

LenoB  ZIY 

Record  the  wei^w  0(Maditi<Mia 

What  were  the  ra8a]t6  ci  your  exparioMnt  at  home  witii 

the  pulley  ? 

The  Jack-screw.  — The  jack-screw  is  used  for  raising  very 
heavy  weights.  Probably  some  of  you  have  seen  them 
used  to  nise  houses  <xt  bams  when  ^ey  were  bang 
moved,  or  when  new  foundations  were  be?ng  put  under 
them.  T^t  us  examine  a  jack-screw  to  see  if  we  can 
lear  lation  between  the  weight  and  the  force  that 

woii  >  port  it,  if  there  were  no  friction.  The  friction 
is  a  f  mportant  factor  in  the  Jack-screw,  and  we  will 
take  it  up  later  in  the  lesson. 

In  the  last  lesson  we  learned  the  very  important  law  of 
machines,  t.«. :  "If  there  is  no  friction,  the  work  done  by 
a  machine  is  equal  to  the  work  put  into  it"  We  found 
also  that  woA  is  measured  in  fool  pooaiih.  Tht  wok 
done  by  a  maddne  is  the  w«i|^t  X  the  diilyiet  tha  wii^ 
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is  raised,  and  the  work  put  into  it  is  the  force  x  distance 
ihe  foree  moves.  80  we  might  state  the  Law  of  Machines 
as  follows :  "If  there  is  no  friction,  the  force  x  distance 
the  force  moves  is  equal  to  the  weight,  x  the  distance  the 
weight  is  raised."  For  example,  if  the  force  moves  50 
times  as  far  as  the  weight,  then  the  force  is  ^  of  the 
weight   Let  ns  apply  the  law  to  the  jackHBoew. 

Etperiment  XIV.  —  The  JackHBcrew  and  the  Law  of 
Maohiiies. 


100  / 


1.  Notice  that  whm  the  force  at  B  makes  one  revolution, 
the  weight  is  just  lifted  through  the  pitch  of  the  screw, 
ie.,  from  the  top  of  one  thread  to  the  top  of  the  next 

The  force  moves  through  the  circumference  of  the  circle 
of  which  AB  is  the  radius,  while  the  weight  is  lifted  from 
(me  thread  to  the  next  IfMsore  AB  and  calculate  the 
circumference  of  the  circle  of  which  AB  is  the  radius. 
(Circumference  =  2xi^x  AB. ) 

Measure  the  distauue  from  the  top  of  one  thmd  to  ths 
top  of  the  next,  t.e.,  the  pitch  of  the  screw. 
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Now  use  the  law  of  machines  given  above  to  calculate 
the  force  that  would  just  balance  the  weight  used  in  (2) 
bdow.  Foioe  x  drenmfereaoe  of  circle  of  which  AB  is 
r«diiii»  weight  x  pitch  oi  screw. 

2.  Find  this  force  experimentally. 

Weight. — Unscrew  the  head  of  the  jack-screw,  and  weigh 
it  and  the  handle ;  replace  it  and  have  a  boy  whose  weight 
is  known  ftand  on  the  screw.  The  total  weight  is  equal 
to  the  sum  of  these  two  weights.  For  example,  if  the 
head  of  screw  and  the  handle  weigh  20  lbs.  and  the  boj 
weighs  100  lbs.  the  total  weight  is  120  lbs. 

Force. — Attach  the  spring  balance  at  B  and  pull  gently, 
»  thai  the  total  wdgfat  ia  dowly  xaised.  Reoofd  Um 
reading  on  the  balance. 

Now  pull  in  the  opposite  direction,  so  that  the  weight  is 
slowly  lowered.   Record  the  reading  on  the  spring  balance. 

Beading  I  -  Friction  +  force 
Beading  II— Friction  -  force. 

Subtract  the  second  from  the  first  and  we  get : 
2  Enroe- Beading  I  -  Beading  n. 
or  Force -?2!^5£lrB!5^Sn 

2 

Compare  this  force  with  the  value  calculated  in  (1). 

IHcHon.  —  You  will  notice  that  when  we  let  go  the 
handle  of  the  screw,  the  weight  does  not  go  down. 
This  ia  becaoae  the  fri<^<m  is  holding  it,  and  tho^ore  the 
friction  must  be  greater  than  the  force  that  would  balance 
the  weight,  if  there  were  no  friction.  This  is  true  of  the 
jacknscrew,  no  matter  how  great  the  weight  is,  because 
the  friction  inereases  with  the  weight 

Let  us  find  the  frictioQ  and  compare  it  with  the  ftaoe. 

Take  it»  fetdiogi  given  ia  (3)  abore  and  add  tbam 
together. 
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Reading  I  =  Friction  +  force. 
Reading  II »  Friction  -  force, 
adding  them,  2  Friotion  -  ReMUng  I  +  RMding  H. 

Friction  -  Reading  I Reading  II 

2 

Is  the  friction  greater  than  the  force  that  would  balance 

the  weight  if  there  were  no  friction  ? 

Suggestions  for  experiments  at  heme : 

Make  experiments  similar  to  1  and  2  with  a  jack-screw,  if 
you  have  one.  If  not,  you  can  make  experiments  with  an 
ordinary  bolt  and  not  as  follows :  Clamp  nut  in  rise  or  othw 
support.  Screw  in  bolt  part  way  with  head  above  nut. 
Attach  a  weight  to  the  bolt  below  the  nut  with  a  wire. 
Attach  wrench  to  head  as  handle.  Measure  length  of  handle, 
pitch  of  screw  and  w«{^t.  daeulate  the  faroe,  thai  find  it 
experimentally. 

Similar  experiments  may  also  be  made  with  a  revdving 
piano  stooL 

Smeisss 

1.  The  handle  of  a  jack-screw  is  21  in.  long,  the  pitch  is 

J  in.,  the  head  weighs  28  lbs.,  and  a  weight  of  500  lbs.  is  on 
the  head.   What  force  would  just  balance  the  weight,  if  there 
were  no  friction  f 
Am. 

Force  x  distawM  force  travds  »  wdlgbt  x  distaiuie  wdght  is 

raised. 

Force  X  2  X  ^  X  21  -  628  '  i  or  Force  =  2  lbs. 

2.  The  handle  of  a  jack-screw  is  14  in.  long  and  the  pitch  is 

J  in.,  the  head  weighs  28  lbs.,  and  the  weight  on  it  is  500  lbs. 
What  is  the  force  that  would  support  the  weight,  if  there 
were  no  friction  t 

8.  In  finding  the  fwce  experimentally,  w©  find  that  the 

reading  when  raising  the  weight  is  13  lbs.,  and  when  lowering 
it  is  7  lbs.    What  is  the  force  and  what  is  the  friction  t 
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4.  The  handle  of  a  jack-screw  is  28  in.,  the  pitch  is  ^  in.,  the 
weight  of  head  is  20  lbs.,  and  the  weight  is  3,500  lbs.  What 
is  the  force  that  would  balance  this  weight,  if  there  were  no 
friotiont 

6.  If  the  reading  on  the  fadanoe  when  the  wei|  ht  is  slowly 

lifted  ia  25  lbs.,  and  when  tbn  weight  is  slowly  lowwod  is 
16  lbs.,  what  is  the  force  1   What  is  the  friction  1 

lenon  XV 

« 

Record  the  weather  conditions. 
What  were  the  results  of  your  exporimeiits  at  home 
with  the  }ack*8crew? 

Going  up  HUl. — We  all  know  that  it  is  harder  to  pull  a 
weight  up  hill  than  to  pull  it  on  the  level.  Let  us  answer 
the  question.  ' '  How  much  harder  is  it  ?  "  This  is  some- 
what hard  to  answer  experimentally  without  die  proper 
apparatus,  so  we  will  state  the  law  first  and  then  test  it 
by  experiment  If  the  road  rises  1  foot  in  10,  then  the 
increased  force  is  ^  of  the  weight  If  the  grade  is  1  ft  in 
20  ft,  then  the  increased  force  is  ^  of  the  weight,  etc. 
So  that  if  a  team  d  hones  is  drawing  a  -load  of  1  too 
(2,000  lbs.),  indading  the  wagon,  then  it  would  take  a 
pull  of  X  2,000,  or  200  lbs.  more  to  pull  the  wagon  up 
a  grade  of  1  foot  in  10  ft  than  on  the  level.  Similarly,  if 
the  grade  is  1  foot  in  20  ft ,  the  pull  would  be  ^  x  2,000, 
or  100  lbs.  mxm  <m  the  grade  than  <m  the  kr^ 

The  Law  is : 

IneraaM) of  PuU-=  J^^'l        x Weight 

Length  of  Incline 

Let  us  test  this  law  by  experiment  We  will  use  a 
small  board  with  a  we^t  on  it  to  represent  tiie  wagon 
and  its  load)  and  a  laignr  board  to  rqpiesent  tlw  raad. 
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Experimmt  XK— Going  up  Hill,  or  the  Law  of  th« 
Inclined  Plane. 


Flf.  rr.  Apfuatw :  Benlt,  W«l|^t,  Spring  BaUuw*. 


The  apparatus  used  in  this  experiment  is  usually  called 
an  inclined  plane,  and  the  law  stated  above,  the  Law  of 
the  Inclined  Plana 

The  apparatus  consists  of  a  board  of  planed  wood  about 
6  ft.  long  and  8  or  10  in.  wide,  and  a  smaller  board  1  loot 
long  by  6  in.  wide. 

1.  Weig^  the  small  board  ;  place  10  lbs.  on  it,  and  find 
the  force  neceSsaiy  to  move  it  slowly  along  the  luge  board 
when  it  is  horizontal.  You  will  notice  that  it  takes  a 
greater  force  to  start  the  motion  than  to  keep  it  going. 
Make  your  reading  while  the  board  is  in  motion. 

2.  Raise  one  end  of  the  long  board  so  tiiat  the  lower 
side  of  the  upper  end  is  6  in.  above  the  table.  This  is  a 
grade  of  ^  foot  in  5  ft.,  or  1  foot  in  10  ft.  So  we  would 
expect  the  increased  pull  to  be  ^  of  the  total  weight  Try 
it  experimentally.  Is  the  increase  of  pull  ^  of  the  total 
weight  ?  Does  the  law  of  the  inclined  plane  hold  f 

3.  Raise  one  end  1  foot.  Calculate  the  increased  poll. 
Find  it  by  experiment  Ikies  the  law  of  th«  inclined 
plane  hold? 
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SuggmHimtfor  experimiU Mhom: 

1.  Make  experinenti  similar  to  1,  3  and  3. 

2.  If  you  have  a  small  ooqpNM  WBfon  Me  it  in  flaqwriamti 

similar  to  1,  2  and  3. 

Bmclsts 

1.  State  the  law  of  the  inclined  plane. 

5.  If  it  takes  3  lbs.  of  force  to  drag  a  10  lb.  wtif^i  aloof 
a  smooth  pine  board,  how  much  would  it  take  if  tiw  boacd 
were  inclined  1  foot  in  10  ft.  1 

8.  A  wagon  and  its  load  weigh  1  t(m.  If  it  takes  50  lbs. 
pull  to  move  it  on  a  lerd  road,  what  is  the  total  pull  on  a 
road  whidi  has  A  gEMb  of  6% ;  is.,  riMs  6  a  in  100  ft.  t 

4.  A  barrel  of  oil  weighs  240  lbs.  It  is  being  rolled  up  a 
plank  into  a  wagon.  The  plank  is  12  ft.  long,  and  the 
bottom  oi  the  wagon  is  3  ft  above  the  ground ;  what  force  is 

6.  If  the  wagon  and  load  mentioned  in  exercise  S  go  down 
a  grade  <^  2%,  how  much  would  the  horses  need  to  pull  1  If 
the  grade  were  4%,  would  they  pull  or  hold  back,  and  how 

Record  the  weaUier  oonditians. 

What  were  the  zesalts  of  your  ezperioMants  with  m 

wagon  going  up  hill? 

In  the  last  lesson  we  found  that  it  was  harder  to  pull  a 
weight  up  hill  than  on  the  level,  and  that  if,  for  example, 
the  hill  rose  1  foot  in  going  along  the  indine  10  ft,  that 
then  the  increased  pull  was  ^  of  the  total  weight  If  the 
hill  rose  2  ft  in  25  xt ,  then  the  increased  pull  would  be 
of  the  total  weight,  etc. 

Let  us  look  at  this  going  up  hill,  or  the  inclined  plajie, 
from  the  itaoc^poiiit  of  the  law  of  machinei.  Let  ua  rap- 
pose  that  a  wagon  and  its  load  wd^ud  1  ttm  (2,000  lbs.), 
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and  that  it  is  being  pulled  up  r  hill  that  riiea  1  foot 
in  10ft  Then  the  pull  wiU  be  (A  X  2,000)  200  Ibe.  more 
on  the  grade  than  on  the  level.  If  the  wagon  if  diawn 
60  ft.  up  the  incline  its  weight  has  been  lifted  5  ft.  above 
the  level.  Does  the  law  of  machines  apply  ?  The  law  is, 
"  If  there  is  no  friction,  the  force  x  the  distance  the  lorce 
moves  equals  the  weight  x  the  diitanoe  the  wei^t  ia 
lifted."  We  find  that  the  law  appliflt  in  this  oaaebeoama 

200x50-  2,000  x  5. 

We  find,  in  fact,  that  the  law  of  machines  applies  to  all 
machinea.  Let  us  take  one  or  two  praotioal  examples.  If 

you  were  trying  to  decide  which  of  two  root  cutters  to  buy, 
and  wished  to  find  the  force  with  which  the  knives  would 
cut  if  20  lbs.  of  force  were  applied  at  the  handle,  you 
would  proceed  as  follows :  Move  the  handle  12  in.  and 
measure  how  far  the  knife  moved.  Suppose  the  knife 
moved  just  4  in. ,  the  law  of  machines  in  this  case  would  be : 

Fwee  X  diitanoe  force  moves 

=  cutting  force  x  distance  the  knife  moves, 
or  20  lbs.  X  12  in.  =  cutting  force  x  4 
or    cutting  tmnse  -  60  lbs. 

If  there  were  six  rows  of  knives  on  the  cutting  cylinder 
and  it  were  possible  for  two  rows  to  be  cutting  at  the  same 
instant,  the  cutting  force  for  each  row  would  be  80  lbs. 

The  same  method  may  be  applied  to  find  the  cutting 
force  on  a  mower.  Measure  the  total  distance  the  sickle 
moves  back  and  forth  when  the  mower  moves  ahead  1  foot. 
Let  us  suppose  the  sickle  moves  a  total  distance  of  3  ft 
while  the  mower  is  moving  ahead  1  foot,  then  tiie  cutting 
force  is  J  of  the  extra  force  the  horse  exerts  when  the 
sickle  is  in  gear.  If  this  extra  force  is  60  lbs.,  then  the 
dckle  exerts  a  cutting  force  of  20  lbs. ;  if  there  are  20 
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knives  on  the  sickle,  then  each  knife  has  an  averag* 
cutting  force  of  1  lb.  Of  course  as  there  is  always  friction, 
the  Mtnsl  euttuf  fofoe  will  be  MHnewhat  km  ihm  1  lb. 

itMM  zvn 

Record  the  weather  ooiiditi<»i8. 

Whtdt.—Whai  is  the  advantage  of  having  whedi  on 

a  wagon  ?    We  have  all  drawn  weights  on  these  small 
express  wagons  that  girls  and  boys  play  with,  and  we 
know  that  it  is  easier  to  draw  the  weight  when  it  is  on  the 
wagon  than  if  we  tried  to  drag  it  along  the  ground.  Why 
is  it  easier  ?  We  know  that  it  is  because  ol  the  wheels ; 
but  how  do  wheels  make  it  easier?  Let  us  proceed  to 
answer  this  question,  but  first  let  us  settle  why  it  is 
hard  to  drag  a  weight  along  the  ground  or  pavement  or 
ride-walk.    You  will  answer  that  it  is  because  of  the 
friction  between  the  weight  and  the  other  eorfiMea. 
Friction  is  due  to  small  projections  in  the  two  surfaces 
in  contact;  these  projections  strike  against  eaoh  other 
and  retard  the  motion.    If  the  weight  and  pavement  were 
abeolutdy  imooth  it  would  take  no  force  at  all  to  keep  the 
weight  moving  on  the  pavement,  if  it  were  once  started, 
and  if  the  pavement  were  perfectly  level.    How  then  does 
the  wheel  overcome  the  friction  of  the  road  ?   If  you  will 
examine  Fig.  18  you  will  see  that  the  whetl  o%  arcomes 
the  friction  ol  the  road  by  lifting  the  wrigfat  over  the 
projections. 

The  wheel  is  really  a  leve'  The  obstruction  at  A  is  tho 
fulcrum.  The  force  is  appued  along  OF,  and  the  force 
arm  is  tiie  perpendicular  distance  AB  from  the  fulcrum  A 
to  the  line  along  which  the  force  a^  Tia  wei^t  is  at 
the  axle  O  and  acts  along  the  line  OD,  therefore  the 
weight  arm  is  AG,  the  perpendicular  distance  from  the 
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fttlorum  to  the  line  fjlung  ivhich  the  weight  acts.  We  see 
that  the  force  arm  it  mva  h  greater  than  the  weight  ana, 
therefore  the  force  is  hmtn  lev  than  the  weight  Whatb 
then  make  it  eaj-y  to  draw  a  weight,  because  each  wheal 
acts  as  a  lever  to  lift  the  weight  over  obstructionfl, 

lyiction  at  -4xie.— Ther><  is,  oi  course,  some  friction  at 
tha  axles,  bat  thia  ia  amall,  becanse  (a)  the  bearings  are 
amooth  and  fitted  to  one  another,  and  (6)  thej  an  oiM. 


(1) 

Fic.lt. 


The  oil  clings  to  both  surfaces,  fillii^  up  the  small 
hollows  and  covering  the  small  projectioas,  so  that  the 
motion  really  takes  place  between  two  aaz&oea  of  oil.  It 
has  been  found  hy  ezpeximent  that  ^  friction  at  the 
axles  of  an  ordinary  wagon  amounts  to  ahent  20  lbs.  per 
ton  of  load,  or  only  5  Iba.  per  axle  for  the  quaeter  of  a 
ton  on  each  axle. 

Size  of  \Vhed8.-^U  it  better  to  use  large  wheel^  or  small 
wheels  on  a  wagwj?  We  can  amer  thia  qwatbii  by 
examining  (1)  Fig,  18,  and  (^^)  Fi^  18  a.  Whsel  {!)  Is 
twice  the  size  of  wheel  (2),  and  the  obstructiot^  at  A  is  of 
the  same  size  in  each  case.   Examine  the  weigbt  am  AC 
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and  force  m  AB  in  etch  wh«el.     What  do  w«  fliidr 

We  6nd  thnt  he  wriplii  arm  is  louger  in  (1)  than  in  (2), 
but  also  thu  Me  fuiee  arm  is  much  longer  in  proporti*  n 
in  (1)  tei  in  (2),  ai^  mn  in^  go,  no  matter  how  larj. 
the  obetniction  ia.  The  w»  o  of  &e  force  ana  to  iraight 
arm  is  greater  then  ii  ivhet;!  (1)  than  in  wheel  (2) ;  there- 
fore, the  force  rwjuir  -d  to  pi  1  r-  wagon  wi  wheei^  of 
the  ^e  of  (V  ia  less  tnan  if  he  «  heelB  were  of  Bize  (2)i 
thenlore,  U  is  b<  lt«r  to  u«j  large  wimh  u  a  tvagon. 


Let  UK  looi^  at  the  u  ^tion  from  a  different  point  of 
view.  I  a  wagon  3  being  d  -wn  ovw  a  field  or  a  soft 
road  Hed,  will  a  w  mth  k  ge  wheels  sink  as  deep  us 
a  w  on  w  '  the  su  o  load,  hut  with  smaller  whocls? 
W        answ    thia  a"  once  if  we  think  of  an  exnqgerated 

^e.  Ruppof  ^  for  instance,  that  the  wheels  were  as  small 
beu    \sU>.  ;  we  know  that  the  wheels  would  sink 

-p*"'-  th  large  whf  ■ '  And  the  same  rt.v;  oning  holds 
ii  tii  vheeis  ar  lot  so  small  as  this.  The  large  wheel 
does  not  sink  so  f  i  smaller  wheel,  because  the  curve 
oi  the  Mf3  is  lets  .4*arp  in  tha  laige  whed  than  m  the 

ill  wheel,  and  it  does  not  sink  so  far  ia  codsir  ic  fsl 
the  same  area  of  base  to  sni^Kxrt  the  load. 
19 
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What  effect  does  this  have  on  the  force  necessary  to  pull 
the  load  along  f  We  know  that  it  is  harder  to  poll  a  load 
when  the  wheels  sink  into  the  road  bed.  But  why  is  it? 
We  can  answer  this  by  again  looking  at  (1)  and  (2)  Figs.  18 
and  18  a.  When  the  wheels  sink  into  the  road  the  load  is 
really  being  pulled  up-hill  all  the  time.  If  we  think  of  the 
wheels  rinking  to  the  depth  represented  by  obstruction  A 
in  (1)  and  (2),  the  line  DE  in  each  case  represents  the 
real  road  bed  and  we  see  that  the  grade  is  steeper  in  (2) 
than  in  (1) ;  therefore  the  pull  would  be  greater  for  the 
small  wheel  than  for  the  large  wheel  if  they  sank  to  the 
same  depth.  But  we  found  above  that  the  small  wheel 
would  sink  deeper  than  the  large  wheel,  therefore  the 
pull  would  be  greater  still  for  the  small  wheel  than  for 
the  large  one.  This  then  is  a  second  reason  why  it  is 
better  to  use  large  wheels  than  small  wheels. 

What  then  determines  the  size  of  wagon  wheels?  Let 
us  leave  the  answer  to  this  questiim  untO  we  have  studied 
the  position  of  the  traces. 

The  IVoces.— Should  the  traces  slant  downward  from 
<he  hames  to  the  whiffldxee  ?  It  is  the  comF>on  piactioe 
to  have  them  do  so.    Is  this  practice  correct  ? 

Let  us  consider  the  question  first  in  connection  with  the 
wheel.  If  the  road  is  perfectly  rigid ;  that  is,  the  wheels 
do  not  sink  in  at  all,  then  there  is  no  advantage  in  slant- 
ing the  traces,  as  far  as  the  wheel  is  concerned,  because 
we  wish  to  pull  the  load  f coward,  and  any  upward  lift  is 
wasted. 

On  ordinary  roads,  however,  where  the  wheels  sink  in 
to  a  onrtain  extent,  the  wagon  is  really  going  up-hill  all 
the  time,  and  it  has  been  found  by  experiment  tfiat  the 
pull  is  least  when  the  traces  are  parallel  to  the  grade  up 
which  the  wagon  is  going.  See  (3)  Fig.  18  a.  DE  is  the 
grade  and  OF  the  slant  of  the  trace.  We  can  see  why  the 
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slanting  trace  OP  is  better  than  if  it  were  horiaontal  alooff 
OB ;  m  the  latter  case  part  of  the  force  would  be  exerted 
to  dnye  the  wheel  against  the  grade,  while  with  the  traoe 
OF  all  the  pnU  is  exerted  along  the  grade. 

Now  let  us  consider  the  question  of  the  traces  in  con- 
nection with  the  horse  (set  Hg.  19). 

The  hone  makes  use  ot  its  weight  in  pulling  a  load. 
Consider  that  the  centre  of  gravity  of  the  horse  is  at  B  • 
te.,  B  is  the  point  ' 
at  which  all  tiie 
weight  of  the  horse 
may  be  considered 
to  act   The  hoof 
at  A  is  the  fnl. 
crum ;  the  weight 
of  the  horse  acts  ^ 
along  the  line  BC, 
and  the  weight 
arm  is  AC.  If  the 
trace  is  horizontal 
the  pull  is  along 
llie  trace  ED'  and  the  pulling  arm  is  AD'.    Notice  that 
If  the  traoe  is  slanting  as  in  ED  the  pulling  arm  is  AD, 
and  IS  shorter  than  AD'.    If  we  aw  considering  the  eiect 
of  the  weight  of  the  horse  on  the  poll,  the  shorter  AD  is 
tiie  greater  wiU  be  the  pull,  because  according  to  the  lever 
law :  weight  of  horse  x  AC  -  pull  x  AD,  as  AD  decreases  the 
poll  increases. 

When  one  of  the  forefeet  of  the  hone  is  on  the  ground 
as  at  C,  Fig.  19,  only  part  of  the  weight  of  the  hone  is 
used  m  pulUng.  You  have  probably  noticed,  however, 
that^when  a  horse  is  exerting  its  greatest  puU  it  lifto  both 
for^eet  off  the  ground  and  throws  its  head  and  body  for- 
ward,  so  as  to  gif«  tbe  gMtssfe  eftset  to  itt  nvifiii 
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We  have  found  then  two  reasons  why  the  traces  should 
be  slanted.  First,  because  the  wheels  sink  into  the  road 
and  the  pull  on  the  trace  is  most  effective  when  it  is 
exerted  in  a  direction  parallel  to  the  srade  up  which  the 
wagon  is  really  going.  Second,  because  the  horse  uses  ite 
weight  in  pulling,  and  the  sharper  the  slant  of  the  tram 
the  more  effective  its  weight  becomes. 

Let  vm  now  study  the  question,  What  factors  determine 
the  size  of  wagon  wheels  ? 

We  have  already  noted  some  of  these  factors,  ruaatAj : 

1.  Two  reasons  why  the  wheels  should  be  large. 

2.  Two  reasons  why  the  traces  should  slant  downwards 
from  the  hames,  which  would  tend  to  make  the  wheels 
small 

In  addition  to  these  there  is  : 

3.  The  ease  in  loading  and  the  stability  of  the  wagon 
when  loaded,  both  of  which  are  secured  by  small  wheels. 

4.  The  hdght  of  the  hone,  which  limita  the  hti|^t  of 
the  wheels.  If  we  had  horses  twice  as  tall  we  could  make 
the  wheels  twice  the  usual  size. 

Each  of  these  factors  has  an  influence  on  the  size  of  the 
wheels,  and  in  some  cases  one  factor  is  more  important 
than  ti^  others,  as  will  be  sem  in  the  following : 

In  the  ordinary  wagon  which  is  used  for  all  purposes, 
the  size  of  the  front  wheels  is  determined  as  follows : 
When  the  average  height  of  the  horses  used  is  known, 
and  the  best  slant  of  the  traces  tax  the  ordinary  condition 
ci  the  road,  thm  the  axle  ol  the  frmt  idiedl  maj  be  as 
high  as  the  lower  end  of  the  traces.  A  study  of  the  force 
arm  and  weight  arm  in  Figs.  18  and  18  a  shows  us  that 
there  is  no  advantage  in  having  the  axle  higher  than 
this. 

Tht  back  wheels  in  all  wigoos  may  bs  than  Am 
frmt  wheals,  becansa  thaj  ns  poStd  hj  ^  rsadi 
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is  horizontal  and  higher  than  the  front  axle.  And  the 
axle  of  the  back  wheels  may  be  as  high  as  the  line  of  draft 

along  the  reach. 

In  the  .  stage  coach  and  prairie  schooner  which  are 
drawn  by  a  number  of  teams  of  hcnses,  the  traces  of  the 

forward  teams  are  horizontal,  so  that  the  slant  <rf  the 
traces  is  unimportant,  and  the  front  wheels  may  be  as 
high  as  the  point  on  the  hames  to  which  the  traces  are 
attached.  Against  this,  however,  is  the  stability  of  the 
load,  which  is  less  as  the  wheels  are  higher.  This  may 
be  secured,  however,  by  making  the  axle  longer,  so  that 
the  wheels  are  farther  apart. 

In  trucks  used  for  short  hauls  with  heavy  loads  the 
ease  in  loadmg  is  the  important  factor,  and  as  a  result 
the  wheels  are  small. 


CondtuioB 

To  THE  Boys  and  Giels.— Now  we  have  finished  onr 

study  of  some  of  the  common  tools,  and  we  have  found 
that  they  all  obey  some  simple  law,  the  most  important 
of  whioh  are  the  Lever  Law  and  the  Law  of  Machines. 
Yon  will  notiee  thai  in  all  onr  woric  we  started  with  our 
common  knowledge  of  the  tools  |  then,  fint,  we  made  it 
more  exact  by  measuring  everything  that  had  any  bear- 
ing on  the  use  of  the  tool;  then,  second,  we  tried  to 
diseover  some  law  connecting  the  quantities  measured ; 
and  third,  whoi  we  had  found  the  law  we  appUed  it  Ut 

other  tools,  to  tee  i^eOiOT  il  wottM  he^w  miderBtand 

their  use. 

When  w'  ^  >w  the  law  which  a  tool  obeys,  we  are 
the  iBaster>  i  the  tool  is  our  servant.  We  can 
Mleakte  be.  .dhand  txMst^  wh«l  iervktOM  tool  will 
give  u%  and  iHm|  ohapges  in  it  are  neeeanry  to  adapt 
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it  to  other  at-eds.  This  is  the  way  that  man  has 
progressed  ir  Lis  ''onquest  of  natnre,-and  has  adapted 
the  foroes  of  nature  to  his  own  nae.  In  general,  the 
way  in  whieh  this  prt^fress  has  been  made  is  as  followi: 
For  long  years,  generally  centnries,  man  has  gradually 
learned  by  observation  and  experience  moro  and  more 
of  some  force  of  nature.  This  constitutes  what  we  have 
called  our  oommon  knowledge  of  the  foroe;  tihen  lOBie 
man  appeared,  wiser  or  more  fortunate  than  the  others, 
who  by  measurement  and  reasoning  discovered  the  law 
which  this  force  obeya  When  the  law  was  discovered 
man  became  the  master,  because  then  he  was  in  a 
position  to  make  this  foroe  of  natnre  serve  him. 

Had  we  the  time  and  spc  v*  we  might  take  up  the 
study  of  many  more  tools.  For  example,  pumps,  wind- 
mills, water  wheels,  the  hydraulic  jack,  the  hydraulic 
ram,  etc  After  finishing  tools,  the  next  step  would  be 
to  study  the  olimate  and  the  soiL  This  would  lead  to  a 
study  of  the  general  physical  properties  of  aolids,  liquids 
and  gases,  also  to  a  study  of  heat,  light  and  electricity. 
Undor  heat  we  would  study  the  nature  of  heat  and  its 
relation  to  dimi^  and  soil,  alio  systems  of  heating  and 
heat  engines,  such  as  the  steam  engine  and  the  gas 
engine.  Under  light  we  would  study  the  nature  of  light ; 
its  effect  ou  plant  growth,  also  color,  mirrors,  lenses, 
the  opera  glass,  telescope,  stereoscope,  camera,  etc. 
Under  rieetrieity  we  would  study  lightning  and  light- 
ning rods,  also  batteries,  dynamos,  motors,  electric  bells, 
electric  lights,  electric-plating,  the  td^piu^t  the 
phone  and  the  wireless  telegraph. 

Vm  those  of  yon  who  wish  to  continue  this  study  it 
woold  be  w^  to  get  a  good  t«Et-book  on  pbysies,  and 
the  author  of  this  chapter  will  be  glad  to  reooWBUBi 
raah  a  text-book  to  th<»e  who  write  to  him. 
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Within  the  last  hundred  years  mankind  has  made 
marvellous  progress  in  the  discovery  of  the  laws  which 
govern  the  forces  of  nature,  and  in  the  use  of  these 
foroes.  There  is  no  doubt  that  great  progress  will  be 
made  in  this  direction  in  the  next  hundred  years.  The 
men  and  women  who  will  be  leading  in  this  progress 
twenty  years  hence  are  now  boys  and  girls  in  school, 
just  like  the  boys  and  girls  whc  are  reading  these  pages, 
and  it  is  quite  possible  that  some  of  these  readers  may 
be  leadera  in  the  future.  Some  may  discover  new  laws 
of  nature,  and  all  may  do  a  great  service  by  gaining  a 
knowledge  of  the  laws  already  known,  and  the  way  in 
which  th^  affect  their  own  lives  and  the  lives  of  their 
ndgfabors,  and  by  spreading  this  knowledge  aaun^^ 
their  ndghbors. 


2.  16  in.;  4  in. 
6.  4ft. 


ANSWERS 
I 


S.  13  io. ;  6  in. 
&  25  lbs. 


4.  IOBm. 


1. 
4. 


4  lbs. 
2  lbs. 


1.  6  lbs. 
4.  85  U& 

mwk  man  iom  than  the  other. 


n 

t.  2,»01fa«. 

iMSsa  m 

2.  19  lbs. 
6.  Tes, 


t.  41fas. 


s. 

hand 


6  lbs. 
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IV 


I. 
4. 


2. 
6. 


6^  lbs. 
36  IbB. 


leMon  V 

To  weigh  a  200  lb.  man. — Arrange  the  crowbar  with  the 
point  on  a  strong  support,  and  spring  balance  at  say  60  in. 
from  the  point.  Attadi  a  swiiiging  nat  at  3  in.  from  the 
point.  Find  the  force  necessary  to  support  the  seat  and  bar, 
then  let  the  man  sit  on  the  seat  and  his  weight  is  20  times 
the  extea  lorae  indicated  on  the  faalamie,  because  the  force 
arm  is  20  times  as  kmg  as  the  wmght  arm. 

1.  16  lbs.  2.  26  lbs.  S.  1,500  Ibt.;  6,000  Ifaa. 

4.  10,800  lbs. 

Umm  71 

1-  10  Hw.  a.  U  Iba.  t.  11.66  Ihe. 

4.  Lm  forae  reqidnd  to  nqpfwrfe  the  wflii^t 


vn 


1.  3  lbs.  6  ozs.  2.  6  Iba.  6  OSS. 

5  lbs.  5  OM. ;  6  lbs.  S  CM.  4.  2  lbs. 


a.  41bs.  5o«.; 
&  1  lb. 


Leeeoa  YUI 


1.  lOflbs. 
4.  20  lbs. 


2. 
5. 


1§  lbs. 
4  lbs. 


8.  Yes. 
e.  Tea. 


Lesson  IZ 


1.  U^l\m. 
4.  l|lba 


2.  S^lbs. 
5.  9^  lbs. 


8.  Yes. 
6.  Yes. 
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UmmX 

1.  10  in.  2.  14  in.  8.  4  lbs. 

4.  Fint  boy»  SS  Ibi.,  SMond  hoy,  2S  11m. 

leMon  XI 

2  15  lbs.  a.  1,333^  Ibi.  4.  8  IIa 

5.  888f  lbs. 

LeMOo  ZII 

1.  4ilb8.  a.  180 Ibi.  8.  mnm,}  Ulba 

4.  ^  lbs. ;  1 J  Ibfc 

LeMon  Zni 

2.  15  lbs. ;  15  lbs. ;  3  lbs.  8.  8  lbs. ;  8  lbs. ;  4 

5.  2  ft. ;  30  foot  pounds ;  30  foot  pounds ;  yes. 
8.  4ft.;  38  foot  pottuda ;  38  foot  pouiMib ;  yw. 

iMMa  ZIY 

8-  S  ft^  8.  Friction,  10  lbs.,  fotM^  8  Ifaft 

4.  5  Hm.  8.  iUotioD,  30  Iht^  Umm,  6  Vbt. 

lesMm  XV 

2.  3  lbs.  3.  150  lbs.         4.  A  Ixfetb  ovcr.fO  Oft 

5.  10  lbs. ;  hold  back  30  Ibe. 


FBIHT-^GBOWING  IN  NEW  BBUNSWICK 


n 

W.  W.  HUBBARD,  Sbqbrabt  vi»  AauuuurvMM 


Earuest  history  relates  that  fruit-growing  was  the  first 
oocapation  of  man.  Ages  before  the  beasts  of  the  field 
became  nibjeet  to  hmnaa  eontrol,  or  the  complex  agri- 
cultural operations  of  the  livo  stock  industry  were  wadae" 
stood,  primeval  man  gained  his  living  from  the  fruits  of 
the  earth.  Our  ancestors  b^an  their  life  in  a  garden,  and 
em  liiioe  the  gardoi  and  the  orchard  have  been  the 
mott  pleMBut  and  most  beiatiifnl  •nvivonniait  §at  tfat 
home — the  beet  cradle  of  the  human  race. 

The  people  of  New  Brunswick  are  fortunate  in  that 
the  climate  and  most  of  the  soils  of  the  Province  are 
peeoliarly  adapted  to  tlu  raooearful  growth  of  the  highest 
qttOityoitiioMfoiiit  iad  r^fMm  whiofa  belong  to  titi 
temperate  zone. 

Although  the  Province  has  been  settled  by  Europeans 
for  more  than  two  hundred  years,  and  during  all  that 
tiiM  ti^^f^  wad  naftU  fmiti  lunre  to  amne  extent  been 
ioiuishing,  fruit-growing  as  an  oocapatioii  k  yet  in  ite 
merest  infancy.  Enough,  however,  has  been  done  to 
show  what  we  may  reasonably  expect  in  the  future  when 
skill  and  intelligence  are  employed.  Except  in  a  veiy 
few  tooatttiet,  vpfie  trees  grow  and  beer  fruit  ev^nywhere 
in  tbe  fmiiam  wkm  ghreo  ptopa  attontioQ.  Biiis  m» 
tMiij  s»im  iftiQGM  sections,  and  it  isprafaiUs  «pb  kng 

245 
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that  peaches  and  quinces  adupU'd  to  our  climate  will  be 
propagated  and  grown  in  our  more  sheltered  districts. 
Plunw  d  many  Undt,  and  neaiiy  •!!  ?!  )  bush  fruits  and 
berriei,  grow  everywhere  when  ih^  auenipt  it  int«UigentIy 
made  whik  hen  and  thera  ptodncti?*  gmpa  Tiaw 
flounttii. 

APHX  <»0WIIO 

The  districts  wnere  the  greatest  success  in  apple  growing 
has  thus  far  been  obtained  are  :  The  St.  John  Valley  in 
Kings,  Queans  and  Sunbury  counties  and  in  the  Petit- 
oodiac  Valley,  for  nearly  all  varieliee.  In  York,  Carleton, 
parts  of  Westmorland,  Albert  and  Kings  CtonntieB,  for 
the  early  winter  varieties,  while  fall  varieties  grow  praoti- 
cally  everywhere  they  are  planted  and  iwmve  Mi^tMm 

Vaiueties 

It  is  not  possible  to  stati  definitely  what  varieties  are 
beat  lor  the  condition*  of  the  beveral  localities,  for  each 
year  is  demonalrating  the  value  at  new  kinda ;  and  it 
may  be  in  twenty  years  from  now  that  our  list  of  apple 
trees  most  profitable  to  plant  will  be  hirgely  changed. 
The  following  varieties  are  among  those  grown  witii 
rocoeaa  in  New  Brunswick : 

Earfy  FhU  Fartowg.— Crimson  Beauty,  Duchess  of 
Oldfflibttrgh,  Sharpe'e  New  Bnmswidi,  YdUnr  Tnaa- 

parent.  Red  Astrachan,  Irish  Peach,  St  Lawience. 

LaU  Fall  and  Early  WhUer  raWrtics. —Mcintosh  Red, 
Fameuse,  Wealthy,  Alexander,  Wolfe  River,  Budley'a 
Winter  ot  Nwth  l^ar,  Milwaukee,  Princess  Louise. 

Winter  FarietMi.  —  Tatman  Sweet,  Bidiop's  Pippin, 
Golden  Russet,  Rhode  Island  Greening,  Baldwin,  Ribetoo 
Pippin,  Blenheim,  NorUiem  Spy,  King  <d  Tom|^dni 
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There  are  aUo  some  very  promising  seedlings,  native  to 
the  Province,  that  are  giving  good  results.  Speaking 
generally,  all  the  winter  Tarieties  give  best  and  quickest 
ratnmt  wh«n  top  grafted  apon  haidy  ftoekt.  The  lU- 
man  Sweet,  however,  is  a  thrifty  grower,  very  hardy  and 
prolific,  with  tough  wood,  and  makes  one  of  the  bert  trees 
upon  which  to  graft  other  varietiet;  the  froit  will  keep 
through  taiApiiL 

The  fnooeM  wldeh  mnm  orchardista  hmre  ebtai&ed 
might  have  been  more  widespread  had  more  attention 
been  given  to  Uie  requirements  of  the  trees,  and  to  that 
protection  from  insect  petto  and  fungous  diseases  which 
both  trees  and  findt  need. 

For  a  great  c  ;ny  yean  the  sales  o(  ymmg  appla  trasa 
to  intending  orchardisto  have  been  large,  and  yet  our 
bearing  orchards  and  our  apple  crops  have  not  increased  in 
proportion  to  the  trees  pkmted.  Tens  c4  thousands  <rf 
doOaia  ham  ben  tefaaled  in  pn^ie  traeathathnve  perished 
in  their  fatianoj. 

In  nearh  every  school  district,  n  the  jtmngest 
B<.holar  can  point  to  dead  and  dying  '  wili  quite 

likely  hare  the  idea  that  apple  gru  ;■■<.,  ;  •  lot  a  sure 
boa^eta  aad  may  tiiink  tha*  the  loe&li^r  If  not  adapted 
to  fruit  raising ;  yet  he  or  she  will  generally  te  §kl»  to 
obaerve  aome  trees  that  flourish  and  bear  fmii 

CAUSES  OF  FAILURE 

There  are  many  reasons  why  apple  and  oiiUci  fruit  tieea 
die  young : 

1.  Because  of  inferior  and  unthrifty  treea  mni  fr  >ra  the 
nursny.  Unaenqraloaa  i^ta  anmstiima  laiw  advautasja 
of  ImyMB  nnacquunted  wi^i  appia  pamrtaf  la  wd'  td 
upon  thaoB  nfaiae 
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2.  Because  the  trees  are  of  varieties  not  adapted  to  our 
dimate  wid.oraditiont. 

8.  BeoauM  the  trees  an  wt  upon  wet  laud  or  land  BOft 

properly  prepared  for  them. 

4.  Because  the  trees  are  not  properly  planted.  Great 
care  should  always  be  taken  to  see  that  the  roots  are 
spread  out  in  a  natural  positi<m  and  fmrtile  nufaee  toSl 
firmly  pressed  about  them. 

5.  Because  of  neglect  to  cut  off  injured  roots  and  to 
prune  back  the  top  to  correspond  with  the  shortened  root, 
system. 

6.  Sometimes  because  the  trees  are  set  on  southern 

slopes  where  the  snow  goes  off;  the  ground  thaws  early 
and  the  sap  starts  before  freezing  nights  are  past ;  and 
sometimes  from  lack  of  shelter  from  prevailing  winds 
whooi  placed  in  an.  axpoeed  position. 

7.  Because  no  mulch  is  placed  round  the  or  tlw 
surface  Boil  about  the  young  tree  is  not  frequenn^  stirred. 
A  compact  surface  soil  allows  excessive  evaporation  of 
soil  moisture,  and  in  a  dry  season  the  tree  may  perish  for 
lack  of  water. 

8.  Because  grass  or  grain  crops  are  a!'  wed  to  grow 
dose  up  to  the  tree  and  rob  it  of  moistuie  "r.d  nourishment. 

9.  Because  cattle  or  other  scock  are  allowed  to  eat  the 
leaves  and  brtmches  ot  the  trees. 

10.  Because  mice  are  allowed  to  girdle  the  treei  Mow 
the  snow. 

11.  Because  the  trees  are  allowed  to  fruit  too  heavily 

while  young. 

12.  Because  the  bark  and  limbs  of  the  tree  are  torn  and 
broken  off  by  the  whiflktrsea  and  hameei  of  tbe  teeai 

need  in  cultivating  among  them. 

13.  Because  bark  lice,  boren  or  otbor  peete  are  allowed 
to  destroy  the  tree. 
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Theee  and  perhaps  other  conditions,  all  of  them  pre- 
▼entaUe,  ha?e  oaused  the  death  ol  frait  trees  innumer- 
able, resoltiiif  in  great  waite  of  monef  aad  frmfamoiAj 
discouraging  not  only  individuals  bill  idicrfa  mrmnmithi 
from  trying  to  grow  tree 

miimn     to  (^bogsmi 

While  the  methods  advised  apply  primarily  to  apple 
trees,  the  general  princi]des  invohed  mm  apfdieaUe  to 
alnoost  all  other  fruit  trees. 

Thaw  are  three  kinds  of  orchards  : 

1.  The  small  orchard  of  less  than  fifty  tieeS)  ^^fftywd 
to  simply  supply  the  home  with  fruit 

2.  Tlie  orchard  as  <»«  department  of  the  farm,  and 
nmdy 'm  ac^onct  to  other  and  BKneezteosiTe  opoatiam. 

3.  The  orchard  as  a  eonrnwrdal  enterprise^  and  in- 
tended to  be  the  main  hnsinsss  of  the  faan. 

Tam  Sm  or  thi  Obchabd 

When  bat  a  fnr  trees  are  to  be  ^aalsd  for  home  use,  it  is 
nearly  always  pnfeiaUe  to  havetiiem  near  the  hmws  btA 

for  larger  operations  it  is  well  to  choose  carefully  the  loca- 
tion for  the  proposed  orchard  before  the  trees  are  ordered. 

The  first  essential  to  success  in  fruit  growing  is  a  well- 
dxafaMd  soiL  n  Ow  desirsd  site  Is  not  aatorally  diy  it 
mvurt  be  onderdrained  so  that  the  milsr  level  sliall  not  be 
within  at  least  three  feet  of  the  surface.  It  is  not  neoeiH 
sary  that  an  orchard  should  be  upon  a  slope,  but  when 
rolling  or  hilly  land  is  used,  in  New  Brunswick  it  may  be 
stated  as  a  gsMCsl  rale  that  a  slope  to  aofth  it  beUsr 
than  a  southerly  incline — first,  because  it  doss  not  nipcs 
thb  trees  to  early  thawing  in  the  spring  nor  to  sunscald  of 
their  trunks ;  and  second,  because  this  s^pe  is  usmOy 


250      AoBiouLTUBi  AXD  Natdu  Study 


m<ne  free  f khxi  lirte  q)ring  and  early  fall  froets.  In  many 
pMteof  tbe  provinoe  a  weitaly  slope  ii  to  be  preferred  to 

an  easterly  one,  as  souctiiiMS  cold,  blighting  eaaUtjAy 
windi  occur  while  the  trees  are  in  blossom.  Fruit  trees 
should  never  be  planted  in  hollows  where  the  water  will 
form  poods  aftor  the  grmind  Is  faoien  and  then  freese  solid 
about  their  trunks. 

WunmaMLKM 

If  the  orchard  is  not  naturally  protected  from  the  wind 
by  trees  or  by  rising  ground,  a  windbnak  may  be  planted 
with  good  effect  along  the  nortii  and  west  iktee,  or  any 
other  side  from  which  the  greatest  injury  comes,  the  object 
being  not  to  stop  the  wind  altogether,  but  simply  to  check 
its  yelodty,  as  if  a  windbreak  is  high  and  very  dense  it 
stops  ihe  drndatkm  of  air  in  the  orchard  to  a  large  eztmil, 
and  this  gives  very  favorable  conditions  for  the  spread  of 
both  insect  pepts  and  plant  diseases.  On  the  other  hand, 
a  proper  windbreak  lessens  the  force  of  the  wind  and  thus 
pratotto  IkiB  trees,  whldi  will  grow  straighter  and  shape- 
Mar:  it  wiM  tSao  veijr  mrterkUy  keseii  the  amomit  of 
windfalls,  and  it  will  permit  d  growii^;  varietiee  which 
vdll  not  succeed  under  ordinary  exposure.  Wind  is  one 
of  the  roost  important  factors  in  drying  out  the  land  and 
ea»litg  drought  If  its  force  is  cheeked  the  evaporation  of 
Booisture  from  the  soi  will  not  be  w  ^Mi. 

One  of  the  best  trees  to  plant  1m  a  windbreak  it  the 
Norway  Spruce  {IHcea  exedm).  It  is  a  rapid  growing  ever- 
green and  is  hardy  almost  everywhere  that  apples  can  be 
grown  iMflemifolly.  A  siiigle  mm  of  llHie  trees  piaated 
from  eight  to  tw  feet  apart  is  quite  suffidaBi  Other 
varieties  of  spruce,  cedare  and  Norway  pine  are  all  good. 
In  a  very  bleak  location  a  dcmble  row  ei^t  feet  9§kA 
may  be  desirable. 
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Apple  trees  grow  well  in  almoet  any  kind  of  soil  if  it  is 
thonwgfaly  drainad.  It  k  thit  ad^pllMlHj  of  the  appl* 
i^ich  causes  the  trees  to  be  planted  frequently  on  poor 
land ;  but  the  better  the  soil,  the  better  the  results  will  ba 
A  good  orchard  soil  should,  in  the  first  place,  be  abun- 
daatiy  supplied  with  pleat  food  in  a  fi»m  that  may  be 
made  easily  availaUe.  It  ihoiild  be  lioh  in  hiunni  and 
should  be  easily  worked,  and  it  is  perhqie  best  upon 
limestone  formation.  Sandy  soil  is  easily  worked,  but 
is,  as  a  rule,  not  rich  in  available  plant  food  and  is  also 
lacking  in  hnmtn.  Plar.i  food  tiko  wUeh  is  applied  in 
the  form  of  barnyard  manure  and  artificial  fartUiani  im 
easily  leached  away  in  sandy  soil.  In  the  colder  parts 
of  the  country  root-killing  is  more  prevalent  in  sandy 
soils.  Clay  land,  on  the  other  hand,  is  too  stiff  and  is 
haxd  to  woik,  the  edl  baldiif  eerily,  and  making  it  diS- 
cult  to  cultivate.  Where,  however,  the  ground  is  not  kept 
cultivated  and  the  fertility  maintained  by  top  dressing, 
trees  are  grown  very  successfully  and  good  crops  produced 
on  this  kind  o'  ^and.  The  trees  make  less  growth  and  on 
thieaooomit  (kfvelop  more  fruit  bodi  ttwi  en  li^it  soSi. 
Sandy  loam  and  clay  loam  soils  are,  m  a  rule,  the  moet 
suitable,  and  probably  clay  loam  soils  are  the  best  for 
apple  growing  in  the  best  apple  growing  districts.  Sandy 
loeni  aoib  are  brttnr  fnrthor  north,  as  they  are  warmer. 
hmi  has  been  eyhsqeled  ot  wmk  ef  Hi  pleat  feod 
by  growing  cereals  or  other  enpe  i^en  H  it  Im  wftrfji 
i(a  orchard  porpoese. 

fmnMotm  or  vn  hum 

It  Ywy  often  happens  that  tiM  iMRner  or  Mi  pmm 
raddody  dsdldn  to  plant  an  orchard.    No  preview 
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thought  po^pe  had  been  given  to  the  matter,  or  if  there 
had,  nothing  was  done  to  get  the  land  into  condition  for 
the  young  trees.  The  trees  are  bought,  the  land  hastily, 
and  not  very  well  prepared,  and  the  trees  set  out  to  take 
their  chanoM.  No  aftnr  enltivatioii  will  folly  make  up 
for  neglect  of  the  thorough  preparation  of  the  land.  Treea 
should  begin  to  grow  thriftily  from  the  time  they  are 
planted,  if  they  are  to  obtain  a  good  size  i^efore  they 
begin  to  bear  heavily,  and  if  the  land  is  not  tinnroughly 
I»«parad  and  in  good  oonditi<m  whan  they  are  planted, 
growth  is  likely  to  be  slow.  It  is  much  better,  if  one  has 
no  land  in  good  condition,  to  delay  planting  a  year,  and 
give  the  soil  the  necessary  attention.  The  time  will  not 
be  lost,  aa  the  treee  will  much  b^ter.  ImoA  which 
haa  been  well  manured  for  root  crops,  ploughed  in  the 
autumn,  and  again  ploughed  in  the  spring  and  thoroughly 
levelled  and  pulverized  vrith  the  harrow,  would  be  in  a 
good  condition  for  planting  the  trees.  If  the  subsoil  is 
near  the  nuface,  the  rabeoil  plough  should  be  used  after 
the  (Nrdinary  one,  looeening  the  adl  fnm  four  to  riz  indiea 
deeper  than  the  former. 

Sod  land  ploughed  in  the  autumn,  top  dressed  in  the 
spring  with  a  good  coating  of  barnyard  manure  and  then 
ploughed  agidn  and  th<nonghly  pulvoiaed  with  the  har- 
row, should  also  luring  the  soil  into  good  ccmdition.  A 
green  crop,  such  as  clover  ploughed  under  in  the  spring 
and  the  land  thoroughly  harrowed,  would  also  be  a  very 
good  method. 

Laying  out  the  Orchard 

The  distance  apart  that  apple  trees  should  be  planted 
will  vary  according  to  the  varieties  used,  the  locality,  the 
land  at  the  piantar'a  disposal,  and  the  other  purposes,  if 
any,  for  lAUk  he  iutoida  to  uie  the  land.  In  order  to 
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thrive  beat  and  produce  fruit  of  good  size  and  color.  Om 
nif  1       "^^^^  light  and  air,  and  they 

cannotobtainthe«6ifplantedtooclo«ely  together!  Spray- 
mg  has  become  such  an  inttgaH  put  of  iuooesrful  fnrit 
growing  that  sufficient  space  must  be  left  between  the 
trees  to  permit  of  doing  this  work  thoroughly.  With 
cl<me  planting,  mjurious  insects  and  fungous  diseases  are 
more  pnmjlent  tb«i  whew  there  j,  abundance  of  ligM 
and  air.  The  one  important  advantage  of  dose  pla^ 
18  the  protection  the  trees  afford  each  other  but  it  is«5 
mthe  very  coldest  parts  of  the  country  where  this  pro- 
TTa  especially  if  low-headed  trees  are 

trees  have  been  planted  too  closely,  the  reenlt  being  the 
production  of  poorly  colored,  ill-shaped  and  scabby  frnii 
in  New  Brunswick  the  general  rule  may  weU  be,  never 
to  pl«it  at  k«  than  thirty  feet  in  each  direction  unilL 

grow    Where  it  is  desired  to  utilize  the  li^  as 

tCt  W  ^  *r '  *  ^''y  good  plan  is  to  set  the  ^ 

o^*^«r,  setting,  in 

Z7  ^    T  ^  ^  eily-beSng 

^vinT&'^*  "^^^h.  Ln^ 
l«iving  the  balance  of  the  trees  thirty  by  forty  feet  mi 

tWM     jwmft  flUi  ii  not  M  eooiK^^ 
Cultivation  is  made  more  easy  and  in  mr  wsr  the 

sighti;  if  the  ro^^  ^  ^ 

should  bTj^lt^^l^^"  .  ^  '^"^ 

planted.  ^  ^  »  t«w  to  to  bt 
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The  measuring  can  be  most  expeditiotisly  done  by  using 
a  long  heavy  wi?e,  marked  at  the  proper  distances  for  the 
rows  of  trees.  Two  men  will  stretch  the  wire  and  a  third 
person  stick  a  stake  at  each  mark. 

Planting  the  Trees 

Trees  may  be  planted  in  the  autumn,  but  spring  plant- 
ing is  usually  the  more  successful,  providing  the  trees  are 
set  out  before  growth  begins.  When  the  nurseryman 
cannol  deliver  treee  before  the  10th  of  May,  they  shoald 
be  delivered  the  fall  previous,  and  be  kept  through 
the  winter  by  heeling  them  in  where  the  water  will 
not  accumulate,  where  there  will  not  be  danger  from 
mice,  and  where  the  trees  will  be  covered  by  snow.  A 
trencii  should  be  made  deep  enough  to  allow  the  roots  oi 
the  trees  to  be  well  covered  ;  they  should  be  placed  in  it 
in  a  single  layer  and  in  slanting  position,  so  that  the  tope 
will  only  be  about  a  foot  from  the  ground. 

As  soon  as  the  land  is  in  good  ocmditiim  in  the  spring, 
plant  the  trees.  Holes  dmuld  be  dug  before  the  trees  are 
uncovered  and  must  be  large  enough  to  accommodate  the 
roots  spread  to  their  full  extent  They  should  bo  made 
about  eighteen  inches  deep ;  the  subsoil  should  then  be 
loosened  a  few  inches  deeper  but  not  removed.  SaflBdent 
surfakoe  sml  should  now  be  thrown  back  into  the  hole  to 
set  the  tree  about  an  inch  deeper  than  it  was  in  the 
nursery.  This  soil  should  be  rounded  up  and  com- 
pacted in  the  centre,  thus  enabling  the  spreadmg  of  the 
roots  in  a  natmal  poktlon.  Boots  of  apple  trees  have  not 
many  fibres,  and  it  is  necessary  to  spread  carefully  what 
are  left  on  the  tree,  to  get  best  results.  Broken  or  bruised 
roots  ehould  be  cut  off  before  planting  the  trees.  Manure 
should  never  be  placed  in  contact  with  the  roots. 
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The  work  of  planting  can  be  moit  expeditiously  per- 
formed by  UBing  a  "planting  board."    This  is  tiiniply  a 
boftrd  one  inch  thick  and  five  or  six  feet  long,  with  a 
notoli  cut  from  «m  licle  to  the  centre  at  equal  diatanoee 
from  each  end,  and  then  a  two-inch  hole  bond  «  few 
inches  from  each  end.    Before  commoncing  to  make  the 
hole,  the  digger  places  the  board  on  the  ground  with  the 
jneaBed  against  the  stake  (where  the  tree  is  to  go) ; 
iMtoputia  pef  tlMoai^  the  hole  at  each  end  of  the 
board.    The  boaid  ia  leauMred  and  the  hole  dug,  and 
v?hen  the  planter  comes  along  with  the  tree,  he  places  the 
board  over  the  pegs  again,  and  by  placing  the  tree  in  tl>e 
notch  haa  it  in  the  exact  poeition  from  which  tho  stake 
was  removed.    Absolutely  straight  rowi  can  be  had  by 
this  method  without  the  delay  and  trouble  of  sighting. 

Tlie  roots  of  tho  trees  should  not  be  allowed  to  become 
dry  from  the  time  they  are  dug  in  the  nursery,  or  receivei 
from  the  nurseryman,  until  they  an  phmted.  Much  of 
the  failure  in  planting  cornea  thfou^  carelewneiM  in  tUa 
regard.  When  taking  the  trees  to  the  orchard  it  is  a  wise 
precaution,  especially  if  there  are  drying  winds  blowing, 
to  puddle  the  roots  in  a  thin  mixture  of  loam  and  water, 
which  will  prevent,  in  a  laigs  meaanre,  the  small  fibres 
from  drying  out  In  addition  to  this,  the  loote  afaookl  be 
protected  until  the  trees  are  planted,  by  covering  them 
with  wet  sacking  or  stmw.  Too  much  precautum  i<^f>iH>4 
be  taken  in  this  matter. 

The  tree  bang  now  fOaeed  upright  in  the  hole  and  tlM 
roots  carefully  spread  out,  the  surface  soil  is  gently  thimm 
in  and  worked  in  among  them,  by  the  hand,  if  necessary. 
It  is  very  important  to  have  the  soil  come  in  close  contact 
with  tha  root  flbies,  in  order  that  the  best  conditions  may 
be  afforded  the  tiee  to  begin  growth  prompUy.  When 
the  roelB  are  wril  corned,  nm  good  aoil  aboiild  be 
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thrown  in,  and  when  the  hole  is  ftbout  half  full  it  ebould 
be  well  tramped  with  the  feet,  allff  whidh  the  hole  f hoaM 
be  flUtd  UtnH  with  tiie  waxbM  of  Iho  mMj  tnunping  being 

done  while  it  is  being  filled.  Tho  surfate  of  the  soil 
should  be  left  loose,  as  this  will  help  to  pre  nt  evapora- 
tion of  moisture  from  the  soil  which  has  been  thrown  in. 
It  ii  not  neoetnury  to  mtax  any  tree  if  piHiting  U  doM 
at  the  proper  season  and  the  Mil  UMj  mobt  and  w«Il 
eonpacted  about  the  roots. 

If  the  orchard  is  in  an  exposed  position  and  the  trees 
large  and  with  high  trunks,  it  will  pay  to  tie  them  to 
itaksa  to  keep  them  from  getthog  looaa. 

In  districts  where  drought  is  liable  to  occur,  or  even  in 
pkusea  where  the  soil  is  likely  to  become  rather  dry,  it  will 
be  wue  to  mulch  the  trees  to  a  depth  of  from  four  to  aix 
haeiMa  with  manure,  straw,  sawdust,  or  anything  of  that 
natma  iHiieh  will  not  become  »  oompael  maaa.  If  ia 
piaead  about  the  base  of  the  tree  and  lefl  during  the 
summer  it  will  keep  the  surface  soil  loose  and  prevent 
evaporation  of  moisture,  and  the  growth  of  the  tree  will 
be  much  more  rapid.  A  good  mulch  may  be  the  meana 
of  preventing  a  tree  from  dying  if  the  season  is  very  un- 
iavomble  or  the  tree  in  poor  condition.  If  the  mulch  is 
loose  when  winter  sets  in  there  may  be  danger  from  mice, 
and  this  should  be  guarded  against.  If  mulch  is  not  used, 
the  surface  soil  should  be  Icept  stined  during  the  aommer. 

As  soon  as  planted^  the  bmnches  of  the  young  tree 
shonld  be  pruned  back  at  least  one-half  their  growth,  and 
generally  it  is  well  to  cut  back  to  about  four  buds.  The 
cutting  of  the  roots  when  the  tree  la  taken  from  the 
mmery  neoeeaitotes  cutting  back  the  top,  elae  the  tree 
may  wither  and  die. 

In  colder  p.irts»  of  the  country  the  best  results  will  be 
had  by  starting  the  top  within  one  tc  two  feet  from  the 
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frround,  or  the  trees  will  be  much  better  protected  than  if 
the  branches  started  higher  up.  It  is  possible  that  orchard 
cnitare,  even  in  the  best  apple^wing  districts,  may  be 
so  modified  in  the  future  ihaX  H  will  be  found  that  the 
bett  ferolts  will  be  obtaiMd  horn  km  l«— ii^Mwg  oq| 
almost  from  the  ground. 

Two-  or  three-year-old  trees  are,  as  a  role,  the  most 
ntirfMtoiy  Und  to  plant,  as  when  they  are  older  than 

three  years,  growth  is  fo  eheeked  and  tb*  tiwi  to  ttontod 

by  transplanting,  that  it  is  not  at  all  dtrirable  to  plant 
them  when  they  are  bo  old.  Furthermore,  the  freight  or 
express  will  be  less  on  smaller  trees.  If  low-headed  trees 
are  desired  they  may  be  planted  when  one  year  old,  if  the 
growth  is  strong,  and  oat  badt  to  the  desind  hai^  leav- 
ing only  the  bare  stem.  The  ordinary  farmir,  however, 
who  may  not  give  his  trees  much  attention,  requires  a 
tree  two  or  three  years  old,  so  that  it  may  easily  be  seen 
if  lM  9owa  other  eiopa  in  the  orcfaaid.  Trees  should  be 
procured  from  reliable  nurserymen,  aa  it  it  impOTtMit  to 
have  them  troe  to  name  and  well  shaped.  A  local  nur- 
seryman is  best  if  he  carries  good  stock.  It  will  pay  to  g^ 
the  highest  grade  of  trees  oflfered.  Stunted,  unshapely  tieei 
will  never  give  the  mbm  reenHt    lieidthy,  ttiBight  onea. 

The  two-  or  three-year-old  trees  should  Imvo  Ibo  huada 
well  formed  when  received  from  the  nurseryman.  The 
best  head  consists  of  a  central  leader,  with  three  or  four 
ride  Inanehee  rising  alternately  from  the  trunk.  If  the 
branches  are  opposite,  »  cNlUh  k  formed  and  when  the 
tree  is  heavily  laden  a  branch  may  be  easily  broken.  It 
is  not  always  possible  to  get  a  central  leader,  and  the 
next  best  top  is  one  with  from  throe  to  five  branches 
riaing  alternately  from  the  main  trunk,  fimning  a  sym- 
metriotl  iMad.   Cherry  and  {rfom  tfMi  amy  be  i^ttd 

«t  one  year  old  with  good  leMdifc 
17 
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Choice  or  Vahiktibb 

In  planting  simply  for  home  use,  a  few  trees  of  eaxly, 
late  &dl  and  winter  varieties  should  be  chosen,  though  in 
many  localities  it  will  be  best  to  secure  the  winter  varie- 
ties by  top  grafting. 

In  a  commerclsl  orchard  it  is  best  to  limit  the  varieties 
to  a  few  of  those  known  to  succeed  well  in  the  ndghbor- 
hood.  Speaking  gauxaHlj,  the  largest  planting  had  best 
be  of  late  fall  varieties  that  are  known  to  sell  well.  Early 
varieties  are  usually  a  sure  crop,  and  if  proper  market 
facilities  are  available  can  be  made  profitable.  The  more 
a  grower  has  of  one  variety,  the  better  he  can  nraaUj 
sell  his  crop. 

Thk  Cultivation  or  tbs  Obohabd 

Hie  goneral  experience  in  New  Brunswick  is  that  for 
the  first  ten  years  after  planting,  apple  trees  do  best  if  the 
ground  is  kept  cultivated.  Potatoes  and  all  kinds  of  hoed 
crops  can  be  grown  among  the  trees,  and  if  a  strip  four  or 
five  fert  on  each  dde  of  the  tree  is  Idl  tincropped  the  trees 
will  nc/t  snfiFer.  This  strip  should  be  kept  stirred  at  least 
once  a  week  from  early  spring  till  the  Ist  of  July,  when 
it  may  be  seeded  to  clover  or  peas  with  advantage.  This 
growtii  should  be  allowed  to  lie  upon  the  ground  during 
the  winter,  to  be  ploughed  hi  the  next  spring.  When 
the  land  is  being  manured  for  the  crops  Uie  strip  along 
the  trees  should  receive  a  liberal  dressing,  especially  if 
the  land  is  light  and  leachy.  As  the  trees  grow  the  strip 
of  land  not  cropped  should  be  wider  until,  as  the  branches 
spread,  it  will  be  better  not  to  cmp  at  lUL  Oovnr  may 
be  grown  frequently  with  advantage  among  the  trees,  but 
it  will  pay  not  to  remove  the  hay  from  the  land.   Let  it 
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decay  there  and  very  much  leas  mauure  will  be  required 
to  maintain  fertility. 

In  addition  to  growing  and  tuning  imcto  or  leaving 
upon  the  land  clover  or  other  legumes,  the  application  of 
potash  and  phosphatic  manures  is  desirable.  Occasion- 
ally some  barnyard  manure  should  be  applied.  The  best 
results  can  be  (Obtained  only  when  all  the  elements  neces- 
sary for  toee  growth  and  i»odiictiofi  are  {wesnit  in 
abundance  and  in  a  more  ot  less  immediately  amOAbie 
condition. 

A  crop  of  160  barrels  of  apples  to  the  acre  will  remove 
from  the  soil,  as  determined  at  the  Central  Experimental 
Farm,  about  9  pounds  <^  nitrogui,  6|  pounds  of  jhxm' 
phoric  acid  and  33  pounds  of  potash. 

The  growth  of  the  tree  demands  a  considerable  ad- 
ditional quantity.  It  is  estimated  that  five  tons  of  barn- 
yard manure  ^^pUed  annually  per  aere  will  support  heavy 
bearing  treee. 

Arguments  pro  and  con  between  cultivating  the  (nchazd 
and  leaving  it  in  sod  are  many,  but  experience  seems  to 
show  that  cultivation  generally  gives  best  results;  but 
nevorthriess,  especially  in  a  moist  dimate,  ezodlent  crops 
of  apples  are  grown  when  the  toees  are  in  sod.  It  the 
grass  crop  is  not  removed  from  the  land,  but  cut  and 
allowed  to  remain,  and  fertilizers  are  applied  frequently, 
good  results  are  obtained.  On  rocky  hmd  that  cannot  be 
coltavated  ezoeUent  bearing  onhMds  are  foond  when  thsj 
receive  inteZUgeni  attention 

Pkoimio 

Then  axe  several  objects  in  pnming  trees,  the  principal 
being  the  production  of  well-colored  fruit  of  good  sixe,  in 
peying  qoantities,  and  the  maintainii^  of  a  syrafl^rieai 
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top  and  well-balanced  tree  to  bear  this  fruit  Trees 
will  bear  fruit  without  pruning,  but  it  ib  nnall  in  sise  and 

not  so  attractive.  Unpruned  trees,  also,  are  likely  to  bear 
heavily  one  year  and  have  no  crop  the  next  Pruning 
lessens  the  number  of  apples  produced,  and  the  tree  not 
hang  so  much  exhausted  at  one  time  is  likely  to  bear 
more  regularly.  It  does  not  exhaust  a  tree  as  much  to 
bear  a  good  crop  of  fine  fruit  as  it  does  to  produce  a  heavy 
crop  of  small  fruit,  as  the  exhaustion  of  the  tree  is  in 
proportion  to  the  number  of  seeds  matured,  and  not  to 
the  sise  of  the  frait 

Trees  should  be  pruned  r^>u!arly,  b^pmning  irhea  they 
are  young.  If  much  pruning  is  done  at  one  time  it  would 
be  likely  to  injure  the  tree.  When  the  trees  begin  to  grow 
thriftily  many  new  branches  will  be  formed,  and  it  is  the 
work  of  the  pniner  to  remove  all  those  that  are  not  neces- 
sary and  to  cut  back  others.  The  top  of  the  tree  should 
be  kept  open,  to  admit  air  and  sunlight,  but  pruning 
should  be  so  carefully  done  that  there  will  be  no  bare 
Umbs.  All  branches  which  are  growing  across  and 
through  the  top  should  be  cut  out  If  two  branches  touch 
cm  another,  one  of  them  should  be  removed.  If  a  branch 
on  one  side  of  the  tree  has  outgrown  the  other,  it  should 
be  headed  back  so  as  to  make  the  tree  symmetrical,  cut- 
ting it  off  just  above  a  bud  which  is  on  the  side  that  it  is 
derired  to  have  the  new  growth.  If,  when  the  trees  are 
young,  they  are  treated  in  this  way  every  year,  compar- 
atively little  work  will  have  to  be  done  at  one  time.  The 
best  time  to  prune  is  between  the  middle  of  May  and  the 
middle  of  June,  when  the  trees  are  growing  thriftily,  as 
the  wounds  will  heal  over  quicker  if  done  at  that  time ; 
but  as  this  is  a  very  busy  season  of  the  year  the  customary 
practice  is  to  prune  during  the  month  of  March,  when 
quite  satisfactory  results  are  obtained.   By  pinching  off 
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young  growth,  which  is  not  required,  in  summer,  labor 
will  be  saved  in  pruning.  It  is  much  better  to  prune  at 
any  time  of  the  year  than  to  neglect  it  altogether,  as  the 
time  of  year  is  not  a  matter  of  great  consequence.  The 
tools  used  should  be  a  sharp  pruning  knife  and  a  fine 
saw ;  the  branch  should  be  cut  off  close  to  the  limb  or 
trunk  from  which  it  is  removed  and  the  cut  should  be  as 
clean  and  smooth  as  possible.  A  bad  practice  in  pruning, 
and  a  very  common  one,  is  to  leave  a  stub  of  the  branch 
cut  ofiF.  In  many  cases  this  never  grows  over ;  rot  sets  in 
and  reaches  the  heart  of  the  tree,  and  eventually  ruins  it 
A  dean,  close  cut  will  heal  quickly  and  needs  no  paint  or 
wax,  unless  a  large  limb  has  been  removed. 

Unfortunately,  too  many  of  our  farmers  and  fruit 
growers  neglect  pruning  their  trees  regularly,  the  result 
being  that  when  they  begin,  it  is  necessary  to  remove 
many  huge  limbs.  In  cases  <rf  this  kind  it  is  not  wise  to 
do  too  much  pruning  in  one  season,  as  a  sovere  pruning 
of  the  tree  will  cause  bo  much  young  growth  that  it  will 
be  necessary  to  thin  it  out  It  will  also  expose  the  limbs 
which  have  been  protect  d,  and  may  cause  sunscald. 
A  better  practice  is  to  do  it  regulariy.  If  huge  limbs  are 
removed,  the  wounds  should  be  given  a  coating  of  grafting 
wax  or  lead  paint,  which  will  protect  them  from  weather 
and  prevent  rot  from  setting  in  until  they  begin  to  heal  over. 

It  is  a  wdl-known  fact  that  winter  or  spring  pruning 
tends  to  the  production  of  wood;  and  summer  pruning, 
to  the  production  of  fruit  buds.  The  reason  of  this  is 
that  pruning  before  growth  begins,  or  when  it  is  begin- 
ning, dMtroys  the  balanc  e  between  top  and  root,  and 
there  bmng  then  more  sap  supplied  by  the  roo*s  than  the 
remaining  top  can  elaborate,  stronger  growth  is  made  or 
new  branches  formed  to  readjust  this  balance.  If  pruning 
or  pinching  oflE  part  of  the  new  growth  is  done  in  the 
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summer  after  moet  of  the  growth  has  been  made,  a  part 
of  the  elaborated  sap,  which  is  as  necessary  to  the  pro- 
duction of  strong  roots  as  it  is  to  the  production  of  top, 
is  removed,  and  the  tree  is  checked  in  its  growth  and 
weakened,  although  the  pruning  should  not  be  so  severe 
as  to  make  the  latter  apparent.  A  WMkoaing  of  this  kind 
tends  to  the  development  of  fruit  bads.  Summer  pruning 
to  produce  fruitfulness  is  seldom  necessary,  however,  and 
it  is  not  recommended.  If  trees  are  given  even  a  fair 
measure  of  attention  they  will  reward  the  owner  with 
abundant  crops.  Some  varieties  of  apples  do  not  come 
into  bearing  as  quickly  as  others,  and  often  growers  think 
that  something  is  wrong  with  these  trees  when  they  do  not 
bear  early. 

mjUST  BY  MICE 

Field  mice,  especially  in  a  winter  when  there  are  crusts 
on  the  snow,  frequently  kill  young  apple  trees  by  gnawing 
off  more  or  less  d  the  bark  around  the  trunks.  To  prievent 
them,  all  rubbish  in  which  they  are  likely  to  harbor 
should  be  removed  from  the  orchard,  and  the  young  trees 
may  be  protected  by  wrapping  the  trunks  with  paper, 
veneer  or  wire  netting ;  shovelling  earth  up  into  a  mound 
about  the  tree  before  the  ground  freezes  will  frequently 
avert  this  damage ;  it  is  besides  a  good  practice  because 
it  holds  the  tree  steady  during  winter  storms  and  sheds 
the  water  off,  preventing  any  ponding  or  freezing  round 
the  collar  of  the  tree. 

mjinnr  iioh  vmacMJ^ 

It  sometimes  happens,  particularly  if  the  orchard  is  on 
a  scrathem  or  southwesterly  slope,  that  a  continuance  of 
bright  weather  in  March  and  April  will  scald  the  trunks 
of  the  trees.    A  veneer  of  wood,  a  roll  of  birch  bark, 
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building  paper,  com  stalks  or  anything  th«t  will  keep  off 
the  sun  may  be  used.  Where  the  trees  are  wrapped  to 
prevent  mice,  the  same  wrapping  will  prevent  the  sun- 
Bcald.  A  coal  oi  whitewash  is  also  a  good  preventive, 
and  spraying  with  lime  wash  is  an  excdient  treatmoit 
for  the  trees  both  in  the  late  autumn  and  early  spring.  It 
will  remove  bark  lice  and  other  scales,  rough  haxkf  eto.| 
and  give  the  tree  a  dean,  healthy  bark. 

DI8BA8B8  AMD  OTHER  IITJUBIIS  TO  AFKMB  AMD  AFTU 

TBIHI 

Applb  Buobt  ob  Fibk  Buobt  {BacOhu  am^bnorm) 

This  disease  often  does  much  injury  to  apple  trees.  It 
is  usually  fint  mdicated  by  the  sudden  drying  up  of  the 
young  twigs  and  spurs.  Often  whole  branches  will  be 
affected  and  sometimes  the  trunk  itself,  cau6.ug  the  tree 
to  die  or  become  practically  useless.  The  bacteria  which 
cause  the  disease  enter  through  the  blossoms  and  bark  of 
the  tree.  The  Russian  iwrieties  of  apples  appear  more 
subject  to  it  than  others.  There  is  no  known  preventive 
or  good  remedy.  Affected  twigs  and  branches  should  be 
cut  off  about  a  foot  below  the  affected  part  and  burned 
to  prevent  the  further  ^read  and  dissemination  of  the 
doease. 

Black  Spot  Ftnous  ob  Scab  (ISuieladium  dendrUiam) 

During  recent  years  the  apple  scab  fangns  has  been 

very  troublesome,  often  injuring  the  fruit  so  badly  that  it 
is  quite  unsaleable.  The  disease  attacks  the  tree  early  in 
spring,  and  is  first  noticeable  as  light  green  patches  on 
the  yoong  leaves.  The  fruit  may  be  afieoted  as  soon  as 
formed,  and  if  badly  diseased  will  dxopoi.  Asthefroil 
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increases  in  size  the  diseased  patches  enlarge  and  neariy 
all  the  surface  is  often  covered  with  the  black  spots  before 
the  fruit  is  picked.  In  addition  to  liie  disfigured  appear- 
ance of  the  fruit,  caused  by  this  disease,  the  apples  do 
not  reach  theur  full  siae.  The  apple  scab  develops  mott 
rapidly  in  moist  weather.  This  disease  may  be  almort 
entirely  prevented  by  the  proper  use  of  Bordeaux  mixture, 
the  remedy  recommended  at  the  end  of  this  paragraph. 
While  a  certair  umber  of  applications  are  recommended, 
more  will  he  '  j  be  given  if  the  season  is  wet.  The 
object  shoulr  ^  to  keep  the  trees  covered  with  the  mix- 
ture from  the  first  until  the  last  spraying.  If  the  mixture 
is  washed  of!  the  tree  the  disease  will  have  &v.  opportunity 
of  developing,  and  it  is  difficult  to  check  it  when  it  b^^ 
to  spread. 

Bemedy. — Spray  with  copper  suli^ata  wdntion  (I  pound  of  oc^)p«r 
anlidiate  to  25  gallons  of  water)  before  buds  start ;  and  with  Bo>v^«viut 
mixture,  just  after  blossoms  open  ;  soon  after  blossoms  fall  f  ad  two  or 
three  times  after  at  intervals  of  from  10  to  15  days.  The  ftrafe  thrw 
sprayings  are  the  most  important. 

Crown  Gall  (Root  Oall) 

Indicated  by  hard,  gall-like  masses  on  the  cro  -  < 
sometimes  on  the  roots  of  apple  trees,  particuL^  '  ^ 
young  trees.  These  galls  often  interfere  very  much  with 
the  circulation  of  sap  in  the  trees,  causing  them  to  become 
sickly,  and  frequently  resulting  in  their  death.  The  roots 
of  most  of  the  large  fruits  are  affected,  and  in  the  United 
States  the  losses  from  this  disease  have  hem  verj  great 
Until  recently,  it  was  not  known  what  caused  this  injury. 
It  was  thought  by  some  that  the  galls  were  simply  mal- 
formation caused  by  an  injury  to  the  tree  or  were  produced 
by  unsuitable  soil ;  by  others,  that  they  were  produced  by 
a  parasitic  fungus,  and  again  that  they  woe  caused  by 
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insects.  This  disease  has  been  given  much  study  noenUy 
by  J,  W.  Tourney,  of  the  Arizona  Agricultural  Experiment 
Station,  His  conclusions  are  that  it  is  caused  by  a  para- 
siUc  slime-mould,  the  spores  of  which  may  be  readily 
disseminated  by  the  wind  or  by  other  means.  No  remedy 
has  yet  been  found,  and  trees  aflfected  with  it  should  be 
destroyed  and  burned  to  prevent  its  spreading.  If  only 
the  galls  are  removed,  they  will  grow  again.  No  trees 
should  be  planted  which  have  had  these  galls  upon  them. 

Dry  Rot 

This  is  a  disease  which  affects  the  fruit,  and  is  indiotted 
on  the  exterior  of  the  apple  by  small  circular  depressions. 
When  the  skin  is  removed,  dryish  brown  tissue  is  found 
at  the  diseased  spots,  and  when  the  fruit  is  badly  affected 
this  brown  and  pithy  condition  may  be  seen  extending 
through  much  of  the  fruit.    The  diseased  flesh  is  not 
bitter,  but  is  dry,  tough  and  without  flavor.    When  the 
apple  is  badly  affected  its  commercial  value  is  almost 
destroyed.    Various  causes  have  been  assigned  for  this 
disease  :  namely,  want  of  vigor  of  tree,  lack  of  moistuie 
in  the  soil,  want  of  potash  and  lime  in  the  soU.   By  those 
who  have  given  most  study  to  the  rot  it  is  ascribed  to  the 
concentration  of  sap  caused  by  the  transpiration  of  mois- 
ture, which  causes  the  death  of  the  oelk   There  is  not 
yet  any  known  remedy  for  this  disease,  but  it  will  piob- 
ably  not  be  as  troublesome  if  there  is  plenty  of  moisture 
in  the  soil,  and  if  the  trees  are  enoouiaged  to  mtkf^  «xnL 
healthy  growth. 

INJUSIOUS  INSECTS 

In  a  condensed  consideration  of  the  most  important 
msect  enemies  of  the  apple  grower,  it  may  be  pointed  out 
that  these  may  be  divided  under  the  foUowing  h*>iH»^ : 
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Thoae  which  devour  the  foliage  ; 
Those  which  bore  in  the  wood  ; 
Those  which  occur  in  the  bark  ;  and 
Those  which  attack  the  fruit. 

All  insects  fall  within  two  classes  which  can  be  separated 
by  the  nature  of  their  mouth  parts.  A  consideration  of 
this  point  is  of  the  utmost  importance  in  the  intelligont 
use  ol  remedies.  In  the  flnt  cltiw  Biting  Insects,  whidi 
have  jaws  with  which  they  consume  the  substance  of  their 
food,  as  caterpillars— all  that  is  necessary  is  to  place  on  the 
f«.)od  plant  some  poisonous  material  which  will  be  eaten 
with  the  food.  In  the  second  das*— Sucking  Insectb, 
which  intteMi  of  jaws  have  a  beak  or  hollow  tnbe  with 
which  thty  suck  up  their  food  in  a  liquid  form,  as  the 
plant-lice— something  must  be  used  which  will  kill  by 
mere  contact  with  their  bodies. 

For  some  insects,  such  as  boreis  in  the  wood,  whidi 
cannot  be  reached  by  the  above  remedies,  preventive 
measures  may  be  taken  by  which  the  plants  are  rendered 
distasteful  to  the  mature  insects  when  seeking  a  suitable 
place  to  lay  their  eggs.  For  this  purpose,  various  alkaline 
or  strong-smelling  deterrent  washes  are  used. 

The  following  are  the  formulae  of  standard  remedies 
which  are  recommended  by  the  Experimental  Fsnn 
authorities : 


Insecticides  and  Funqicideb 


I.  Kerosene  Emulsion 
(Rilqr-Habbord  formoU) 


KsroMm  (ooftl  oil) 
Bain  water 


Soap 


2  gallona. 

1  gaikm. 
I  pound. 


FAuiT-G£ownro  nr  Nbw  BatmswioE  367 

pino^reioBnin  wattrbyboiUiisi  te^from  fire,  and, 
while  not,  turn  in  kerosent  and  ehiim  briddy  for  ftt 
minuteH.  To  b«  diluted  belove  tne  with  Bine  parti  ol 
water 

//.  /\im  Qnm 

FurtogrMQ 

liBMdNih) 

Watar 

For  dry  appUoation.  One  pound  Pkri«  gr  frith  fifty 
pounds  of  flour,  land  pleeter,  alaked  Unu;  «  any  other 
perfectly  dry  powder. 

III.  Whole  Oil  Soap 

For  aoale  insects  (young,  1  pound  in  0  gallons  water. 
For  aphis  ...  1  pound  in  8  gallons  water. 
For  San  Joee  soale  (in  winter)  2  jKNiode  in  1  galkm  waltr. 

IV.  Ibbaeeo  and  Soap  Wcuh 
Vot  Plant  lioe  or  Aphis 

Boak  in  hot  water  for  a  y  hours  ten  pounds  of  tobaooo 
leavee  (home  grown  wiL  lo) ;  strain  off  and  add  two 

pounds  of  whale  oil  so^ip.  Stir  until  all  is  dissolved,  and 
dilute  to  forty  gaJlons.  Apply  early  and  two  or  thiee 
times  at .  intervaiu. 

V.  AOaliMWiuk 
For  Borsn 

Soft  soap  reduced  to  the  ocmsiBtency  of  thick  paint  by 
the  addition  of  a  strong  solution  of  waahingioda  in  water. 

If  applied  with  a  brush  during  the  morning  of  a  warm 
day,  this  will  dry  in  a  few  hours  and  form  a  *m9xjhm 
coating  not  easily  dissolved  by  rain. 


1  pound. 
1  poond. 
flO'^  -»!!oaa 
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VL   Paiaoned  Bordeaux  Mkctttn 

Tor  Tangi  Mid  InMota  <m  frait  Ttata 

Copper  salfdiate  (blae-stone)  .  4  poanda^ 

Lime  (fresh)     ...  .      .  4  pounds. 

Paris  green   4  ounces. 

Water  (Ibunl)   40g»lloiM. 

Dissolve  the  copper  sulphate,  by  suspending  it  inside 
a  wooden  or  earthen  vessel  containing  lour  or  five  or  more 
gallons  o!  water.  Slake  the  lime  in  another  vessel.  If 
the  lime,  when  slaked,  is  lumpy  or  granular,  it  should  be 
strained  through  coarse  sacking,  cheese  cloth  or  a  fine 
sieve.  Pour  the  copper  sulphate  solution  into  a  barrel,  or 
it  may  be  dissolved  in  this  in  the  first  place  ;  half  fill  tiie 
barrel  with  water,  add  the  slaked  lime,  well  diluted,  fill 
the  barrel  with  water  and  stir  thoroughly.  It  is  then 
ready  for  use.  Add  the  Paris  green  by  moistening  into  a 
paste,  then  diluting  and  pouring  into  tile  barrel.  l%ia 
mixture  must  be  kept  well  stirred  while  using. 

Stock  solutions  of  dissolved  copper  sulphate  and  of  lime 
may  be  prepared  and  kept  in  separate  covered  barrels 
throughout  the  spraying  season.  The  quantity  of  blue- 
stone,  lime  and  irat«r  diould  be  carefully  noted. 

Vn.  Copper  SttiphaU  Sobaion 

Ooppar  salphate  (Ua«-ataiie)      ...   1  pound. 
Water  ....  aspOlaaa 

As  soon  as  dissolved  it  is  ready  tm  use.  For  use  obIj 
before  the  buds  open. 

"Spraying"  consists  of  applying  liquids  by  means  of 
a  force  pump  and  spraying  nozzle,  with  such  force  as  to 
break  up  the  liquid  so  thnoc^^y  that  it  talk  upon  the 
plants  treated  as  an  actual  mist  or  spray.  St^  Usam  m 
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sprinkling  and  showering  are  inaccurate  for  the  operation 
here  intended.  Unfortunately  much  of  the  so-called 
spraying  as  usually  carried  out,  could  more  accurately  be 
designated  by  these  terms,  which  describe  a  much  less 
cazelol  and  less  eren  dittribntion  of  liquids.  An  outfit 
of  pump  and  nozzles  which  will  make  a  fine  spny  and 
rapidly  accomplish  the  necesaaiy  work  is  an  abnlote 
essential  for  the  fruit  grov  er. 

1.  The  Eye-Spotted  Bud-Moth  (Tmdoeera  oceOana). 
Small,  dark  brown  caterpillars,  quarter  of  an  inch  in 
length,  with  black  heads  and  collars,  destroying  the  buds 
when  just  unfolding,  and  sometimes  boring  down  the 
centre  of  the  twig. 

Bemedy.—afny  early  with  strong  Paris  green  iradi  mma 
I  pooad,  freeh  lime  I  pound,  water  100  gallons). 

2.  The  Cigar  Case  Bearer  ( Ooleophora  FUchereUa)  and 
8.  The  Pistol  Case  Bearer  (Cbleophora  mcdivoreUa). 

Small  yellow  caterpillars  in  curved  cases,  which  pass  tbe 
winter  on  the  twigs  of  apples  and  cluster  around  the 
opening  buds,  injuring  the  foliage  and  flowers. 

Bmedtf.-&fny  early  with  the  wash  meottotied  «Mhr  N&  1  iJavn, 
or  with  Inrasme  emulsion  (Formula  I). 

4.  Leaf-Rollers.  The  caterpillars  of  several  small  Tineid 
moths,  when  full  grown  from  J  to  i  inch  in  length,  which 
bmd  together  tiie  young  leaves  and  flowwr  buds,  forming 
a  tent  inside  whidi  th^  feed. 

Mmt^—tb*  mam  m  for  No.  1. 

6.  Tent  Caterpillars  (dimoeampa).  Two  kinds  attack 
the  foliage  of  tlteapi^tM  well  as  olmaDjotbertTCct.  Hie 
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Apple-tree  Tent  Caterpillar  forms  a  tent  in  the  fork  of  two 
twigs ;  the  Forest  Tent  Caterpillar  does  not  make  a  con- 
spicuous tent,  but  spins  a  flat  mat  of  silk  on  the  side  of  a 
branch  or  on  the  trunk ;  to  these  resting  places  the  young 
caterpillars  resort  when  not  feeding.  The  mature  insects 
are  thick-bodied,  reddish-brown  moths  expanding  about 
1^  inches  across  the  wings,  which  are  crossed  obliquely  by 
two  bands.  These  bands  are  pale  in  the  first-named  but 
dark  in  the  moth  <A  the  Forest  Teai  Caterpillar.  During 
July  the  females  lay  rings  of  about  200  eggs  on  the  twigs 
oi  trees,  in  which  state  the  insect  passes  the  winter. 

Remedies. — Collect  and  destroy  the  egg  clusters  during  the  winter. 
Spray  the  trees  with  poison  (Formula  II  w  VI)  directly  the  young 
oaterpillara  are  notioed.  All  tmatr  ahoald  also  be  onb  off  and  dM> 
trayed  early  before  the  leaves  hide  titem. 

6.  Green  Fruit  Worms  (Xylma).  Green  caterpillars 
dotted  and  lined  with  yellowish  white,  1^  inches  1  mg, 
occasionally  attacking  the  foliage  and  the  forming  fruit 

Remedy.  —Spraying  regnlarly  with  Formula  VI  will  ptevwit  injaiy 

from  these  insects. 

7.  Cankerworm  (Anisopteryx  pomelaria).  Silver  brown 
caterpillars  about  an  inch  in  length,  with  only  six  pairs 
of  legs,  occurring  sometimes  in  large  numbers,  attacking 
the  leaves  so  severely  as  to  give  the  trees  the  appearance 
of  having  been  scorched  by  fire.  The  wingless  female 
moths  appear  only  in  autumn,  and  climb  up  trees  to  lay 
their  eggs  in  flat  patches  on  the  bark.  From  these  the 
young  caterpillars  hatch  in  spring. 

Renudiu. — Spny  9»  soon  as  catorpiUars  appear  with  formula  II  or 
VI.   In  autumn,  pUce  mechanical  contrivances  or  bands  of  ^iek 

paper  painted  with  a  mixture  of  castor  oil,  two  pounds,  resin  three 
pounds ;  or  with  printer's  ink,  or  some  other  viscid  substance,  to 
eatoh  til*  fsBMlss  iHiea  asoeadii^  the  trees  to  lay  eggs. 
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8.  The  Apple  Aphis  (Aphia  malt).  During  winter 
small  shiny  black  eggs  may  be  found  on  the  twigs.  From 
these,  early  in  spring,  green  plant-Uce  hatch  and  cluster 
on  and  in  between  the  young  leaves  of  the  opening  buds. 
They  aho  oocnr  in  laige  nmnbers  beneath  the  leavet  in 
autumn. 

Bemediea.—Toh&cco  and  soap  wash  {Formula IT) |  Hmh  oil  BOmp, 
1  pound  in  8  gallonB  of  water  (Formula  HI). 

IM1CT8  ATTACKING  THE  WOOD 

Borers  — Flat-headed  Borer  (Oirysobothris  femorata); 
Round-headed  Borer  (Saperda  Candida).  The  above 
named  are  the  two  commoneet  kinds  of  boren  which 
attack  the  apple.  They  vary  somewhat  in  their  halntB, 
but  the  best  remedy  for  both  is  undoubtedly  a  regular 
treatment  every  June,  just  before  the  time  the  eggs  are 
usually  laid,  with  deterrait  washes,  such  as  Formula  V, 
or  the  same  with  crude  carbolic  add  added,  in  the  pro^ 
portion  of  1  pint  to  4  gallons  of  the  wash,  to  be  appHed 
with  a  large  brush  to  the  bark  of  the  trunk  and  larger 
limbs.  When  a  tree  is  infested,  the  presence  of  the  grub 
may  be  detected  by  the  borings  which  it  pushes  out  of  its 
burrows  and  by  the  sunken,  discolored  appearance  of  the 
bark.  By  cutting  through  the  bark  the  grub  can  be 
destroyed.  If  it  has  penetrated  into  the  wood,  it  can  be 
killed  with  a  piece  of  stout  pliable  wire. 

The  Oyst^w^ell  Bark  Louse  (MytUaapia  pmorum). 
Small  scale  insects  furnished  with  a  beak  and  protected 
by  a  waxy  scale  one-tenth  of  an  inch  in  length,  shaped 
somewhat  like  an  elongated  oyster-shell.  The  young  lice 
hatch  in  spring  about  16th  of  June,  when  they  possess  legs 
and  are  aeaw  for  a  few  dayt  only ;  at  m»  time  they  are 
soft  and  unprotected.  Tlien  isonlyoMbraodiniheyear. 
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Remedy. — Spray  the  trees  daring  winter  with  lime  wash  (1  or  2 
{wunds  of  fresh  lime  to  a  gallon  of  water) ;  or  wtien  the  young  scale 
inaecta  hatch,  spray  with  karoMM  •molrioD  (Formak  I)  ot  whale  oil 
WMp  (Fwinnla  III). 

There  are  several  other  kmds  of  scale  insects  which 
occur  upon  the  apple,  which  may  be  treated  in  the  same 
way  as  the  Oyster-shell  Bark  Louse. 

Fortunately  for  us,  as  yet  the  San  Jos^  Scale  has  not 
been  found  in  this  province.  It  is  a  very  destructive 
minute  scale  insect.  What  is  known  of  the  Lime-Sulphur 
wash  is  the  best  destructive  agent. 

The  Woolly  Aphis  (Sdikomeura  Lanigera).  (Jbasben  of 
white,  downy  plant-lice,  causing  wart-like  excrescences  on 
the  roots  and  stems  or  around  wounds  where  a  branch  has 
been  cut  off.  This  insect  is  seldom  a  serious  pest  in  New 
Brunswick,  but  is  very  troublesome  in  the  West. 

Bemediea.— Spray  the  colonies  on  the  branchee  and  tranks  with 
kerosene  emulsion  or  a  wash  made  with  1  poond  of  concentrated  lye 
and  1  pound  of  whale  oil  Koap  in  6  gallons  of  water.  For  the  root 
colonies,  remove  the  surface  soil  to  a  depth  of  6  inches,  for  a  foot  or 
two  around  the  tnrak,  and  dig  in  ttAiaoeo  doafc  «r  tefoM  tnm  a 
tobacco  factory. 

INSECTS  ATTACKIRG  THE  FRUIT 

The  Codling  Moth  ( Carpocapsa  pomonella).  This  is  the 
parent  of  the  destructive  apple  worm  so  well  known  to  all 
growers  and  consumers  of  apples  all  over  the  worid.  In 
New  Brunswick  there  is  only  cme  regular  brood  of  the 
insect;  west  of  Toronto  there  are  two  broods,  the  latter 
of  which  is  by  'ar  the  more  destructive.  Where  there  is 
<mly  one  brood,  spraying  with  Paris  green  (Formula  II  or 
VI)  tiiree  or  four  times  in  the  spring,  beginning  immedi- 
ately after  the  flowers  have  fiJlen,  at  inturals  of  im  dayi^ 
is  all  that  is  required. 
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Besides  protecting  apple  trees  from  the  attacks  of  the 
Codling  Moth,  spraying  with  the  poisoned  Bordeaux  mix- 
twe  (Fonnfite  VI)  as  adviaed  aboye,  will  destroy  many 
other  enemies  \Thich  feed  on  the  folia^  mich  as  Canker- 
worms,  Tent  Caterpillars,  Leaf-Rollers,  etc. 

The  Apple  Maggot  (Trypeta  pomondla).  Slender  white 
footless  maggots,  one-fourth  of  an  inch  in  length,  tapering 
gndnally  to  the  head  and  6iit  o£F  abruptly  behind,  bur- 
rowing in  all  directions  through  the  flef of  apples,  feeding 
on  the  pulp  and  leaving  brown  channeL.  There  are  some- 
times as  many  as  a  dozen  maggots  in  a  single  apple, 
lufcsted  fruit  ripens  prematurely  .ad  falls,  when  the 
maggots  leave  and,  entering  the  soil  a  short  distance, 
form  puparia,  inside  which  th^  rwnain  unchanged  until 
the  following  spring. 

ifemedy.— Spraying  is  useless  against  this  insect.  The  remdy 
most  to  be  relied  on  is  the  {utmpt  deetonctioa  of  windlUUi  ao  m  to 
prevenfe  the  mi^igotn  going  into  tiw  gnmnd.  This  can  bert  b«  done 
by  keeping  a  sufficient  number  of  pigs,  sheep  or  cither  stock  in  the 
orchard.  The  penning  up  of  poultry  beneath  infested  trees  has  been 
fcuiid  •  nKMfc  oMfiil  pnwtiM. 

ncKiiK^,  PACKHfo  aud  masketiho 

These  are  the  final  acts  in  the  drama  of  fruit  growing^ 
and  they  demand  the  utmost  attention,  else  the  orchaM 
investment  may  be  an  entire  failure  from  a  financial 
8tAndp(»ni  When  the  firuit  supply  becomes  large  there 
are  usually  fruit  buyers  whc  will  buy  the  crop  upon  the 
trees;  but  this  is  not  always,  perhaps  selc  .  the  best 
plan  for  the  grower,  for  the  buyer  in  makin^^  je  bargain 
must  protect  himself  against  a  downward  tendency  in  the 
mariEel,  and  his  pidm»  who  have  no  intsiBit  in  the  inm 
are  liable  to  destroy  many  bnadies  while  ^king  the 
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Best  success  is  being  obtained  by  co-operation  among 
growen,  who  are  thus  controlling  their  own  wardionsea 

and  are  able  to  deal  direct  with  large  foreign  bnyen  and 
can  eliminate  to  some  extent  agents'  c  ramisBiona. 

Each  variety  of  apple  has  its  own  best  time  of  picking. 
Early  apples  intoided  for  local  consumption  should  be 
left  on  the  tree  until  well  colored  and  almost  ripe.  They 
are  best  marketed  in  baskets  or  boxes.  For  export,  they 
must  be  picked  less  mature  and  cooled  (town  before 
shipping. 

Winter  varieties  may  be  left  on  the  trees  till  there  is 
danger  of  their  freezing.   Great  care  must  be  taken  in 

picking  and  packing  to  A  void  bruising  the  fruits.  Apples 
intended  for  markat  must  always  be  carefully  hand- 
picked  into  lined  baskets  and  all  the  handling  carefully 
done.  For  siting  they  should  be  placed  on  padded 
tables. 

Under  the  "  Fruit-marks  Act"  packers  of  fruit  for  sale 
must  observe  certain  rules  in  grading  their  fruit  and  mark- 
ing their  packages,  and  should  frmiliarize  themselves  with 
these  r^^olations. 

Box  packing  is  done  by  placing  ever^'  apple  by  hand 
according  to  a  definite  system  in  the  box,  and  the  box 
must  be  made  of  a  definite  tize  with  ends  of  three-fourth 
inch  lumber,  sides  one-half  inch  and  tops  and  bottoms 
(me-fonrth  inch,  so  that  tiiey  may  be  springy  and  not  rigid. 

A  legal  barrel  must  not  be  smaller  than  26J  inches 
between  the  heads ;  17  inches  in  diameter  at  the  heads 
and  18^  inches  in  the  bulge  of  the  barrel.  In  packing 
barrels,  the  first  two  layers  are  carefully  placed  by  hand, 
thm  the  i^ples  carnally  filled  hi  from  a  basket,  and  altar 
each  basket  is  emptied  the  apples  should  be  settled  into 
place  by  carefully  racking  the  barrel  upon  a  solid  plank 
not  more  than  nine  inches  wide.   The  barrel  should  be 
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filled  to  a  little  above  he  head  groove  and  then  gently 
pressed  down  with  a  padded  head  by  screw  pressure,  not 
hard  enough  to  Imak  or  bnuM  the  apples,  hot  saffidently 
hard  to  hold  them  tight  till  they  anrive  at  their  destination. 

New  Brunswick  is  not  now  growing  nearly  enough  fruit 
to  supply  her  own  markets,  and  she  has  the  winter  port  of 
Canada  through  which  hundreds  of  thousands  of  barrels 
and  boxes  ure  bdng  shipped  to  Europe,  so  that  the  market 
outlook  for  the  fruit-growers  of  this  province  could  not  be 
brighter ;  and  when  we  begin  to  appreciate  that  we  have 
here  one  of  the  best  appl-^-growing  belts  in  America,  we 
will  make  orcharding  the  important  industry  it  is  destined 
cm  day  to  become. 

FBAIS,  VLWta  AKD  CBB1I18 

What  has  hem  said  Uins  far  in  regard  to  growing  fruit 
trees  with  special  reference  to  the  apple,  aj^Iies  equally 

to  other  trees.  Pears  are  not  generally  grown,  but  many 
varieties  can  be  if  good  apple  tree  conditions  are  given 
them.  Plums  .ui-e  easily  grown,  but  unfortunately  the 
disotse  known  as  "Black  Knot"  has  followed  them  so 
closely  and  has  been  so  hard  to  fi|^t  tiutt  it  has  dis- 
couraged most  growers.  Added  to  this  scourge  is  the 
great  difficulty  of  marketing  plums  owing  to  their  perish- 
able nature;  and  these  drawuacks,  as  well  as  a  rather 
limited  home  market,  furnish  three  exodlcLt  reascms  why 
plums  are  not  extensively  cultivated.  There  are  many 
varieties  of  this  fruit,  some  of  which,  mostly  of  Japanese 
or  Chinese  origin,  are  comparatively  long  keepers,  and 
these  kinds  are  likely  to  be  most  popular  in  future. 

Chmies  also  are  a  perishaUe  &uit,  a!»i  while  the  trees 
will  grow  as  well  as  apple  trees,  black  knot,  perishability 
fd  fruit  and  limited  market  demands,  are  o<m(Uti(nis  which 
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do  not  at  present  hold  out  much  encouragement  to 
extensiye  cherry  growing. 

A  few  plum  trees  and  cherry  trees  should,  however,  be 
planted  close  to  every  home,  to  supply  the  family  with 
healthy  and  refreshing  fruit,  whether  it  be  eaten  frash, 
canned  or  preserved. 

tMAU  ismrs 

The  most  generally  grown  small  fruit,  and  the  frrit 
which  has  been  most  largely  exported,  is  the  atrawberry. 

StrawbeiTy  culture  was  first  introduced  into  New 
Brunswick  at  Kingston,  Kings  County,  about  1862,  by 
the  late  D.  P.  Wetmore,  Inspector  of  Schools.  For  some 
years  the  village  of  Clifton  grew  practically  all  the 
berries  grown  in  the  provinee  ftnd  they  sold  readily  in 
St.  John  market  at  from  twenty  to  twenty-five  cents  per 
box.  After  some  ten  years  the  crops  became  too  large 
for  the  St.  John  market,  and  beginning  in  1875,  quite 
large  shipments  were  made  to  Halifax,  Boston  and 
Montreal.  From  1880  on,  strawberry  growing  became 
more  general  through  the  provinee,  nearly  all  the 
growers  getting  their  original  plants  from  Clifton. 

In  ISW)  the  strawberry  crop  of  Kingston  parish  was 
about  40,000  boxes}  in  1909  it  was  in  the  vidnity  of 
600,000  boxes. 

Varieties 

The  "Wilson  Albany"  was  the  great  berry  in  the 
early  years.  It  was  firm,  a  good  shipper  and  a  favorite 
in  the  local  market  Some  growors  have  continued  to 
plant  this  variety  till  quite  recently,  but  it  latterly  lost 
all  its  old-time  vitality  and  yield.  The  Downes  Prolific 
was  also  a  favorite,  and  it,  with  the  Wilson,  made  more 
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money  for  the  growers  in  the  first  fifteen  years  than  did 
all  others.  Yields  were  obtained  as  hif  h  as  10,000  boxes 
per  acre.  Lfttmr  the  Craioent  Seedling  wai  a  peat 
market  berry,  was  popular  all  over  the  province,  and 
made  a  lot  of  money  for  the  growers.  It  had  an  imper- 
fect blossom  and  needed  the  Wilson  as  a  poUenizer.  In 
later  years  the  Sample  (a  good  hon^e  berry  and  shipper) 
•ad  tito  01«i  Mary  have  proved  two  of  the  beet  oomina^ 
dal  beiries.  The  Sample  has  an  imperfect  bloesom  and 
needs  a  variety  such  as  the  William  Belt  as  a  pollenizer. 
The  Warfield  and  Senator  Dunlop  are  varieties  good  in 
some  localitiee  but  apt  to  run  small. 

'  COLTIVATIOH 

Any  land  that  will  give  a  good  crop  of  potatoes  will 
grow  strawberries.  Manure  should  be  liberally  applied 
in  the  Ml  and  worked  into  the  eoiL  The  pluita  are 
beat  aet  in  the  spring  in  deep  furrowa,  with  soil  wdl 
firmed  around  them.  In  the  early  years  the  plants  were 
allowed  to  mat  in  wide  rows,  but  later  a  more  narrow  or 
hedge  row  is  used,  with  the  result  that  the  yidid  ia  about 
aa  Uurge  and  the  berriM  a  finer  aample  and  eaa^  to 
pick.  The  light  and  air  reach  the  beniea  brttor  and 
they  ripen  more  evenly. 

The  fall  application  of  manure  is  well  worked  into  the 
land  the  following  spring.  Land  can  hardly  be  too  rich 
tor  Bteawberriee,  and  muriate  at  aniphate  tA  potaah  can 
be  added  with  great  advantage,  making  the  berries  firmer 
and  larger.  Some  growers  obtain  large  crops  of  berries 
without  barnyard  manure  by  the  use  of  a  complete  com- 
modal  ^ilizer. 

If  they  make  a  good  stand,  rtrawhorry  {danta  naiiallj 
l^ve  th^  bert  yield  the  first  year  afti«  arttii^ ;  the 
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btrriet  are  larger,  firmer  and  better  in  every  way  than 
from  succeeding  crops,  though  if  tiM  planta  ai«  culti- 
vated immediately  after  picking  and  th«  weeds  cleaned 
out,  they  generally  make  a  pretty  healthy  growth,  and  in 
some  cases  the  second  and  even  the  third  year's  bearing 
has  been  loit  Mowing  and  burning  ihh  old  plants  has 
been  tried,  but  cannot  be  considerad  soooearfol  in  pto- 
loogiog  the  life  ol  the  patch. 

SKTTUfa  Nkw  Bids 

Successful  growers  always  set  plants  every  year,  and 

best  results  are  had  by  setting  as  soon  as  the  mulch  is 
removed  from  the  plants,  which  are  then  practically 
dormant  and  the  change  in  transplanting  has  least  effect 
npon  them.  When  strawberry  plants  are  taken  np  tor 
resetting,  they  should  always  be  packed  in  damp  moss ; 
more  plants  are  lost  by  careless  exposure  to  the  air 
when  being  reset  than  in  any  other  way.  Only  the  new 
runner  plants  shonld  be  used  for  resetting,  and  care 
must  always  be  taken  in  setting  plants  never  to  plant 
varieties  with  imperfeci  blossoms  alone.  Every  fourth 
or  fifth  row  should  be  of  a  variety  ihat  has  good  strong 
poUenizing  or  perfect  blossoms.  The  pistillate  varieties 
are  almost  worthless  planted  alone,  but  give  wonderful 
yields  when  properly  fertilized.  The  "  William  Belt"  is 
a  good  variety  to  plant  with  "Samplb,"  and  "Senator 
Dunlop"  with  "Warfield."  "Glen  Maay''  has  just 
about  enough  pollen  to  fertilize  itself. 

Strawberries  must  be  mulched  in  the  winter,  and  the 
best  time  to  apply  the  mulch,  which  may  be  straw  ta 
coarse  manure  just  thick  enough  to  cover  the  plants,  is 
as  soon  as  the  ground  is  frozen.  It  should  be  removed 
about  Uie  first  of  May. 
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Ftcaciira  awd  MAmBwim 

Nearly  all  varieties  will  carry  to  the  local  market  if 
picked  tiwrj  other  day,  bat  tor  shipping  they  must 
be  gone  over  every  day,  else  some  will  get  too  ripe. 
"Sample"  will  ripen  enon^  harries  each  day  to  make  a 
good  pick  and  ripen  evenly.  Strawberries  should  be 
picked  and  shipped  as  quickly  as  possible.  Berries  can 
bo  picked  in  the  morning,  shipped  in  the  aftemoon,  and 
arrive  in  Boston,  Montreal  or  Halifax  eariy  the  Icdlowing 
day.  The  packing  should  be  dom  in  a  cool  shed.  The 
top  layer  of  berries  in  the  box  is  usually  turned  down, 
making  the  berries  carry  more  steadily  and  look  better. 

Yield  of  Cbop 

A  good  fair  yield  is  6,000  boxes  to  the  acre  ;  a  rate  as 
high  as  14,000  boxes  to  the  acre  has  been  reached  in 
one-qoaiter  and  one-half  icre  plots.  The  average  yield 
per  acre  will  be  between  4,000  and  6,000  boxes. 

Success  in  getting  a  good  price  for  New  Brunswick 
berries  seems  to  depend  J^.rgely  upon  having  them  late 
enough  to  follow  the  crop  from  other  and  earlier  dis- 
tridi.  For  eereral  years  prior  to  1908  imces  netted  the 
growers  in  the  field  from  7  to  9  cents  a  box.  That  year 
the  price  was  9  cents,  but  in  1909  the  net  price  was  only 
a  little  over  6  cents,  largely  because  New  Brunswick 
berries  were  somewhat  earlier,  and  other  districts  sup- 
plying Montreal  and  Boston  weie  biter  than  osnal. 

Experience  seems  to  show  that  the  best  prices  can  be 
obtained  by  delaying  the  ripening  of  berries  as  much  as 
possible.  This  can  be  done  to  some  extent  by  plantin..: 
on  ncffthem  exposures  and  leaving  the  mulch  on  in  U-.^ 
spring  as  late  as  possible.   It  must  not  be  left,  howevc 
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after  the  plants  start  to  grow,  as  they  will  be  too  tendor 
for  good  results. 

There  are  various  other  small  fruits,  Baspberries, 

Blackberries,  Gooseberries,  Currants,  etc.,  which  aie 
grown  succMsfulIy  and  should  be  found  in  every  garden. 
As  commercial  crops,  the  diflScultly  of  getting  them  to 
outside  markets  militates  sgmusi  them  ;  a  considerable 
qoaatity,  however,  can  profitably  be  grown  for  local 
demands.  The  best  systems  of  cultivation,  propagation 
and  care  are  worthy  of  study.  Full  information  can  be 
obtained  in  Pulletins  and  Reports  from  the  Dominion 
Ezpnimental  Farm& 

Cranberries  of  various  kinds  are  valuable  market 
crops,  as  they  will  cany  to  ahnoet  any  maiket,  and  hi^ 
prices  are  paid. 

Wild  Raspberries,  Blackberries,  Blueberries,  Huckle- 
berries and  otiier  native  fruits  are  all  m<xte  or  less  val.i 
able ;  blueberries  especially  being  a  large  export  crop. 
But  little  is  known  as  to  the  best  means  of  securing 
crops  of  this  berry.  The  bushes  come  naturally  upon 
burnt  land,  and  sometimes  serious  forest  fires  are  caused 
by  some  one's  desire  to  bum  an  area  for  the  purpose  a( 
securing  a  blueberry  crop. 

There  is  room  for  great  development  in  fruit  growing 
under  the  favorable  natural  conditions  which  New 
Brunswick  affords;  and  opportunities  exist  in  this 
inrovines  fn  thotuands  uptm  th<Hisan<b  jnosperoas 
and  happy  horticulturists  who  will  help  to  make  ii  ona 
of  the  best  home  lands  under  the  cmapy  of  heaven. 
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"  Moat  yoong  people  find  botany  a  doll  study.    So  it  is, 
from  the  text-books  in  the  schools ;  but  study  it  yourself  in  tlw  §Mm 
and  woods,  and  yoa  will  find  it  a  ■oorce  of  perennial  delight" 

—John  Bdbbocghb. 

'*  Flower  in  the  crannied  wall, 
I  pluck  yon  out  of  the  crannieii, 
I  h(dd  you  here,  root  and  all,  in  my  hand  s 
litO*  ibww^-lmt  ir  I  oonld  andentaad 
What  you  are,  root  and  all,  and  all  in  all, 
lAanUi  know  what  Ood  and  man  is." 

A  weed  is  a  plant  out  of  place.  "Pew  flowers  are 
prettier  than  the  Ox-eye  Daily,  and  Black-eyed  Saam; 

and  a  bunch  of  either  will  readily  command  a  few  cents, 
when  offered  to  the  denizen  of  the  city  whose  memories 
of  childhood's  days  are  recalled  by  the  wildings.  But 
wh«i  th^  take  possession  of  a  clover  field,  the  hay 
meadow,  and  the  pasture,  tlM  furmer  ngud»  tibera  m 
weeds."  Any  plant  that  is  troublesome,  unsi^tly,  or 
injurious,  and  of  little  or  no  use,  is  regarded  as  a  weed. 
Many  of  our  native  plants  may  imder  favorable  conditions 
increase  rapidly  and  beocone  weeds,  but  nearly  all  our 
most  troublesome  and  aggnadve  i^ti  have  beoi  intro- 
duced from  other  countries.  Fifty  years  ago,  in  this 
Province,  weeds  were  not  a  serious  menace ;  but  as  the 
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country  grows  older,  as  new  sections  are  opened  up  for 
settlement  and  new  railways  built,  new  plants  are  intro- 
duced. To-day,  in  many  parts  of  the  Province,  weeds  are 
a  80un»  of  constant  and  very  c(n»idemble  Ion  to  the 
farmer.  When  farmers  fully  realize  what  great  damage 
weeds  occasion,  self-interest  will  be  a  sufficient  incentive 
to  destroy  as  many  as  possible. 

In  order  to  intelligently  deal  with  noxious  weeds,  some 
knowlfHige  of  thdr  life-habits  is  necessary.  As  regards 
duration,  plants  may  be  classified  as  cmmtabf  bienmaU  or 
perennials. 

Annuals  complete  the  life-cycle,  from  seed  to  er  jd, 
in  one  growing  season ;  biennials  require  two  grow- 
ing seasons,  and  perennials  may  live  several  years. 
Methods  of  eradicating  annuals  may  not  suffice  for  bi- 
ennials or  perennials.  As  a  rule,  annuals,  for  example 
Wild  Mustard,  Wild  Buckwheat,  Ragweed,  etc.,  have 
fibrous  roots  and  extraordinary  powers  of  seed  production. 
A  single  Wormseed  Mustard  plant  may  im)daoe  26,000 
seeds.  An  annual  sets  off  against  its  shortness  of  life  the 
power  to  produce  a  great  many  seeds.  To  destroy  annuals 
stubble  ground  should  be  cultivated  frequently  after  the 
removal  of  the  harvest  This  prepares  a  suitable  seed- 
bed for  the  germination  of  the  weed  seeds.  CSultivation 
will  kill  the  young  seedlings  as  they  appear.  In  this 
way  the  weed  seeds  are  quite  well  cleared  out  to  a  depth 
of  8  or  10  inches,  and  below  that  depth  few  seeds 
can  gnminate.  Young  seedlings,  appearing  late  in  tiie 
autumn,  are  usually  killed  by  the  severe  frosts.  In 
general,  prevention  of  seeding,  frequent  shallow  culti- 
vation, and  mowing  fields  and  roads  will  keep  most 
annuals  in  check. 

The  same  methods  are  applioable  to  biennials  hdon 
they  have  developed  tap-roots  or  roototocks.  Gutting 
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biennials  below  the  crown  with  a  spud  in  sod  land,  or 
deep  and  frequent  cultivation  in  arable  land  will  kill 
them.  Spudding  is  best  done  in  the  fall  when  the  roots 
and  gtems  are  tmder. 

Some  peramials,  as  Canada  Thittle,  hare  imdergnrand 
ene^kig  stems  ;  others,  as  Chicory,  have  roots  which  do 
not  spread  horizontally  but  are  quite  deeply  rooted.  For 
shallow-rooted  perennials  frequent  cultivation,  and  for 
deep-iooted  peramials  spiddbg  and  cutting,  so  as  to 
iweveot  the  pUmt  from  forming  foliage  thm  irtarrii^  tha 
roots,  are  the  best  general  methods  (tf  eradieatioQ.  The 
treatment  which  weeds  should  receive  must  necessarily 
vary  with  the  conditions.  Special  weeds  require  special 
treatmflDt  There  axe,  however,  some  general  principles, 
or  methodi  of  eradication,  (hat  may  be  ontiiiied  as 
follows : 

1.  Weeds  should  not  be  allowed  to  seed. 

2.  Weed  seeds  should  not  be  sown. 

3.  Weed  seeds  already  shed  or  sown  should  be  dertiojed 
■OOP  after  germination. 

i.  Oonqptote  eradkatioii  is  broaglit  about  only  by  tiw 
aotual  nmml  of  the  plants. 

6.  Burial  of  plants  by  ploughing  or  deep  cultivation  will 
destroy  most  mature  annuals,  and  the  seedlings  ol  Kuwini^^t 
and  peramiials. 

6.  E^udding,  or  cutting  deep-rooted  ttenas  below  the  smteee 
of  the  ground,  is  sufficient  to  destroy  most  plants.  The  plant 
is  starved  by  preventing  the  develojnnent  of  leaves  or  other 
green  parts,  tiam  dq;»iving  the  {danl  of  a  supply  of  oarbcMuo 
acid  gas  and  oxygen  from  the  air 

7.  DrainagB  will  eliminate  pbals  wtMi  floivish 

wet  land. 

8.  Owtain  chemical  substances,  fjr  example  oommon  salt^ 
wifl  Un  some  fOaiita  if  property  apfiiied. 
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Not  many  of  our  native  plants  are  noxious  weeds.  Our 
worst  weeds  are  brought  to  vm  from  other  countries.  Man 
is  responsible  for  the  introduction  of  foreign  plants,  but 
natural  agencies  assist  in  spreading  plants  from  fftrm  to 
farm.    The  natural  agencies  are  : 

1.  Winds. — Very  small  seeds,  and  those  which  have  special 
floats,  are  waited  long  distances  by  strong  winds. 

2.  Water. — Seeds  which  float  may  be  carried  by  ninning 
water  long  distances  from  the  parent  plant.  Darwin  main- 
tained that  seeds  might  be  carried  over  one  thousand  miles 
by  the  movements  of  the  water  of  an  ocean,  and  the  seeds 
would  not  lose  their  germinating  powers. 

3.  Animals. — The  fruits  of  Burdock,  Agiimony,  and  other 
plants,  which  cling  to  the  bodies  of  animals,  may  be  carried 
until  rubbed  off.  About  ten  per  cent,  of  all  flowering  plants 
produce  seeds  which  are  dispersed  by  means  of  barbed  pro- 
cesses. Seed-eating  birds  and  herbivorous  animals  swallow 
whole  many  seeds.  The  latter  may  pass  through  the  digestive 
system  of  tiie  Miimal  witiiout  injury,  and  reaching  the  ground 
perhaps  many  miles  from  the  pwrent  plant,  germinate  and 
produce  new  plants. 

The  chief  human  agencies  for  the  dispersal  of  seeds  are : 

1.  Impure  Grain,  Grass  and  Clover  Seed. — Hay  imported 
for  fodder  may  contain  many  weeds.  In  clover  and  grass 
seed  especially  tiiere  may  be  a  large  numbw  of  weed  seeds. 
In  order  to  protect  the  farmer  the  "Seed  Control  Act  of 
1906"  was  passed  by  the  Dominion  Parliament.  The  Act  is 
intended  to  prpvide  the  means  by  which  the  users  of  seeds  may 
{MTotect  themselves  against  the  introduction  oi  noxious  weeds. 

2.  Stable  Manure.  —  Manure  brought  from  city  stables 
often  contains  many  weed  seeds,  and  these  are  carried  to 
different  parts  oi  rural  districts. 

3.  Farm  Implements. — A  threshing  machine  used  oa  a 
farm  where,  through  ignorance  or  neglect,  weeds  abound,  C(m- 
tains  numerous  seeds  in  the  chaff  and  other  Utter  remaining 


Common  Weeds  of  New  Bbuubwick  285 


in  the  machine.  When  the  madiine  is  moved  to  «aothw 
farm  many  of  the  weed  seeds  are  shaken  oat. 

4.  Trains  and  Veaada. — Many  of  our  worst  weeds  reached 
this  country  from  Europe  in  the  ballast  of  vessels.  Plants 
also  follov  the  lines  of  railways.  Seeds  are  dropped  from 
cars  as  the  train  moves  along,  and  litter  of  various  sorts  ia 
scattered  along  the  track  and  at  stations  where  cars'  m« 
unloaded. 

The  chief  objections  to  weeds  are : 

1.  They  abtorb  toil  moisture  which  useful  plants  require.  

An  average  Mustard  plant  takes  from  the  soU  abmit  seven- 
tenths  of  a  pint  of  water  per  day,  and  a  Sanflower  plant  may 
absorb  many  times  that  quantity. 

2.  They  use  plant /ood.~Ajaaiyaea  of  diflferent  weeds  show 
large  percentages  of  potash,  phoqihatea,  ami  sometimes  of 
nitrogen,  foods  which  are  supplied  the  growing  crops  in  the 
form  of  expensive  fertilizers. 

3.  They  crowd,  choke,  ana  shade  useful  plants. — Black 
Bii^weed  often  coven  completely  useful  plants  among  which 
it  grows.  The  seeds  of  some  garden  plants  germinate  very 
slowly,  and  the  young  seedlings  are  weak.  If  vigorous,  fast- 
growing  weeds  are  allowed  to  compete  with  slow-growing 
seedlings,  the  latter  are  aooa  smoUiered,  and  the  yield  is 
small. 

4.  They  increase  expenses. — Weeds  are  a  source  of  great 
loss  to  the  farmer,  because  much  labor,  time  and  expense  are 
required  to  keep  than  in  check. 

5.  They  harbor  it^wimu  itmett  and  fungi. 

6.  They  are  sometimes  poitonous  to  «toc*.— Thousands  of 
cattle  have  been  killed  in  Pictou  Co.,  N.S.,  by  eating  Rag- 
WOTt,  a  poisonous  weed  brought  to  this  country  from  Ireland. 

7.  Weeds  of endtketye  and  degrade  the  taste  for  farming.— 
As  a  rule  weeds  are  not  attractive,  often  they  are  r^Inve, 
and  seldom  do  they  lend  beauty  to  a  lawn,  garden,  or  grain 
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SOME  COMMON  NEW  BRUNSWICK  WEEDS 

ttAM  rAMny 

QnuNses  have  hollow  stems  (called  culm)  doeed  at  the 
joints,  and  2-ranked,  straight-veined  leaves,  each  with  a 
loiig  sheath  enclosing  the  stem,  with  the  margins  over- 
lapping. The  flower  is  small,  and  consists  of  two  outer 
bracts  (called  glumei)^  two  inner  bracts  (called  paht»)y  three 
stamens,  and  one  ovary  bearing  a  seed  called  a  grain. 

Barnyard  Grass,  or  Cock's-foot,  is  a  coarse,  weedy  annual, 
common  in  barnyards  and  in  low,  rich  grounds.  It 
has  a  stout,  thick  stem  branching  from  the  base,  many 
broad,  flat  leaves,  and  numerous  little  dusters  of  small 
green  flowers  crowded  in  a  dense,  large  cluster. 

Old  Witch  Grass  is  a  native  grass  common  in  gardens  and 
waste  places.  It  is  of  little  agricultural  value.  The  stem 
is  from  12-18  inches  high,  the  leaves  and  sheaths  very 
hairy,  and  the  small  green  flowers  arranged  in  a  large, 
loose,  compound  cluster,  often  half  the  length  of  the  plant. 

Yellow  Foxtail,  Pigeon  Grass,  or  Bottle  Grass,  is  an  annual 
weed  common  in  stubble  or  root-fields.  It  may  be 
eradicated  by  cultivating  the  stubble  daring  the  fall  and 
planting  a  hoe-crop  the  following  seascm.  The  plant  is 
erect,  1-2  ft.  high,  with  flat  leaves  rough  above  and 
smooth  beneatl),  the  sheath  being  fringed  at  the  summit. 
The  flowers  are  tawny-yellow,  in  a  bristly,  dense,  cylindrical 
spike.  Greea  FtatoU  very  much  resembles  Yellow  Fox- 
tail, but  has  a  green,  less  dense  spike  with  fewer  bristles. 
It  is  an  annual  of  wide  distribution. 

Couch,  Quack,  or  Twitch  Grass,  has  a  bad  reputation. 
Its  white,  creeping  rootstocks  penetrate  deeply  into  the 
ground  and  possess  great  vitality.  The  leafy  stem  is  from 
1-3  ft  high,  the  leaves  are  flat  and  rtroc^,  and  the  grem 
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flowers  are  arranged  in  4-8  flowered,  alternate  clutters, 
forming  a  spike  3-8  in.  long.  Couch  grass  flourishes  in 
loamy  soils,  from  which  it  is  not  easily  eradicated.  The 
cwwphag,  underground  stems  must  be  removed  as  oom- 
pletely  as  possible,  and  to  do  this  requires  good  judgment 
Each  piece  of  underground  stem  is  capable  of  independent 
existence.  If  the  stems  are  cut  by  the  plough  or  harrow 
into  small  pieces,  the  pest  is  multiplied  and  spread.  After 
ploughing,  a  heavy  dng-hanow  brin^t  oat  the  laiger 
pieces,  which  may  be  collected  by  a  lighter  harrow,  and 
then  burned.  Hoe-crops  of  various  kinds,  shallow  culti- 
vation, and  close  grazing  of  sod,  will  help  to  keep  the  pest 
in  cheek.  . 

CROWFOOT  OS  BUTmCUP  FAMILT 

All  are  familiar  with  the  Tall  Buttercop,  with  its  erect 
Stan,  ciowfootHBhaped  leaves,  acrid,  colorless  juice,  and 
yellow  flowen,  the  pacts  of  which  are  a^xumte  trom  each 
other.  A  worse  weed  is  Creeping  Crowfoet,  troublesome 
in  pastures.  The  latter  puts  forth  long  runners  during 
the  summer,  flowers  later  than  the  Tdl  Buttercup,  and 
has  thiee-lobed  leaves  whidi  are  often  blotched  with 
white.  The  plant  spreads  n^dly  by  meami  td  its  ninim 
and  is  abundant  in  New  Brunswick.  In  all  true  butter- 
cups the  fruit  is  a  head  of  several  seed-like  fruits  {achenea). 
The  achenes  are  sometimes  found  in  commercial  grass  seed. 

CBMt  OB  MgSTABD  FAMILT 

All  members  of  this  imp(»tant  family  are  herbs  with  a 
watery  juice,  alternate  leaves  and  regular  flowers  which 
have  4  sepals  and  4  petals  each.  The  petals  are  arranged 
in  the  form  of  a  oross,  giving  rise  to  the  name  of  the 
family.  Cress,  bam  Latm  am,  a  cross.  There  tm  six 
stamens  (2  short  and  4  long),  and  the  fruit  is  a  roonded, 
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2-celled  pod.  The  family  contains  many  troublesome 
weedi ;  bnt  many  species  are  well-known  articles  of  food, 
tuoh  aa  the  cabbage,  ttimip,  and  radiah.  The  diffennt 
species  of  mustard  are  members  of  this  family.  "WM 
Mustard,  or  Ourlock,  an  annual  introduced  from  Europe, 
is  now  common  in  the  Eastern  Provinces.  It  has  erect, 
branching  stems,  1-8  ft  high,  rough  with  stiff  hairs, 
deeply-notched  leaves,  bright-ydlow  flowen  about  f  in. 
wide,  and  knotty  seed-pods,  1-2  in.  long,  which  are  tipped 
with  long  beaks.  The  dull-black  seeds  have  great  vitality, 
aiid  have  been  known  to  germinate  after  lying  in  the 
gronnd  for  over  twenty  yean.  Wild  Mnstaid  is  particu- 
larly troublesome  on  a  light  soil,  and  is  too  common  in  our 
grain  fields.  When  there  are  a  few  plants,  hand-pulling 
is  the  best  method  of  eradication.  When  fields  are  over- 
run with  it,  spraying  with  Blue  Vitriol  (Bluestone),  or 
cultivating  Uioroughly  after  the  harveet,  will  keep  the 
weed  in  check. 

Wormseed  Mustard  is  a  native  species  which  is  spreading 
quite  rapidly.  The  flowers  are  yellow,  very  small,  and 
inconspicuous.  The  plant  is  easily  distmguished  by  the 
pods,  which  are  long,  s(»newhat  4-angled,  and  borne  on 
little  stalks  which  come  out  from  the  stem  obliquely,  the 
pod  being  erect  and  nearly  parallel  to  the  stem.  The  very 
small,  reddish,  smooth  seeds  are  carried  by  birds  and  im- 
plements, and  are  found  as  an  impurity  in  imported  seed. 

BlaA  Mostard  springs  from  waste  plaoee  along  roadsidea, 
and  borders  dry  fields,  but  is  not  common.  It  has  a  tail 
stem  with  long,  spreading  branches,  pale-yellow  flowen, 
and  smooth,  erect,  square  pods  about  ^  in.  long. 

Urd  Rape  has  stem,  leavea  and  pods  perfectly  smooth 
and  waxy  like  a  cabba^  leaf.  The  uppex  leayet  chMp  tha 
stem  by  an  ear-like  baae,  and  the  loi^  pocbi  are  on  qpraad- 
ing  flower-stalks. 
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Hedge  Moitard  is  an  unattractive  plant  with  deeply-cut 
leaves,  minute  yellow  flowera,  and  needle-shaped  pods 
which  lie  close  to  the  stum.  It  is  common  in  waste  places 
and  along  streets. 

Wild  Radish  is  a  tronblesome  weed  aboat  Frederiokm. 
It  is  the  stock  from  which  our  Garden  Radish  has  been 
raised.  Wild  Radish  somewhat  resembles  Wild  Mustard, 
but  the  flowers  are  fewer  and  larger,  paler  yellow  in  color, 
turning  white  when  old,  and  plainly  veined.  The  pods 
are  deeply  indented  between  the  seeds,  reeembling  ft 
necklace.  The  root  is  fleshy,  and  the  stem  erect,  1-2  ft 
high,  branching,  and  rough,  with  irr^;ularly-lobed 
leaves. 

Another  member  oi  the  Cress  ftunily  c(mimoQ  in  this 
Province  is  Sheidierd't  Purie,  easily  distinguished  by  iti 
clusters  of  small,  white  flowers  and  the  flat,  triangular 
pods,  supposed  to  resemble  the  purse  of  a  shepherd  of 
ancient  days.  The  pod  has  a  dividing  partition  forming 
two  oelb,  each  of  which  contains  10-12  seeds.  Sh^lmd's 
Purse  is  an  introduced  annual  whidi  readily  succumbs  to 
cultivation;  and  since  the  weed  spreads  only  by  deed| 
every  effort  should  be  made  to  prevent  its  seeding. 

Peppergrass,  of  which  there  are  several  species,  is  a  native 
amttud,  sometimee  common  in  grain  fields,  especially  after 
a  wet  spring.  It  is  distinguished  by  its  small  white 
flowers,  and  its  oval  or  droolar  pods,  each  with  a  niudl 
notched  wing. 

FBU^cress,  a  great  pest  in  Muiitoba,  but  not  common 
in  New  Bnmswick,  has  arrow-riiaped,  clasping  st^- 
leaves,  small  white  flowers  on  spreading  flower-stalks, 
and  round,  flat,  winged  pods  about  J  in.  broad.  The 
plant  has  a  peculiar  odor  resembling  that  of  garlic.  When 
it  is  eat«ii  by  mikh  cows  a  disagremUe  flavor  is  imparted 
to  tlM  nulk.  The  seeds  have  a  very  pmigmt  taste. 
19 
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ST.  JOHH'S-WOBT  FAMILY 

Common  St.  John's-Wort  is  a  perennial  found  in  pastures 
and  waste  places.  It  has  a  strong,  tough  root,  with 
ninnen  prodaced  at  tho  base  of  the  item.  The  stem  is 
enct,  1-2  ft  high,  much  branched  and  tough,  bearing 
opposite,  narrow  leaves  marked  with  transparent  dots. 
The  flowers  are  deep-yellow  in  color,  }  in.  in  width,  and 
arranged  in  leafy,  fiat-topped  clusters.  Small  St.  John'a- 
Wert  hat  imaller  yellow  flowen  and  purplish  1-celled 
podi.  Itisoomnuminbwgionnds. 

PUfK  FAXILT 

Several  beautiful  garden  plants  and  some  troublesome 
weeds  are  members  of  the  Pink  family.  All  are  herbs 
with  oi^Miite,  entire  leaves,  stems  swdlen  at  the  joints 
and  regular  flowers  of  four  or  more  parts. 

Sticky  Cockle,  or  Night-flowering  Catchfly,  is  an  erect  plant, 
1-2  ft  high,  with  very  sticky  stem  and  leaves.  The 
flowors  an  white  or  pinkish,  about  1  in.  across,  solitary  or 
few  on  a  stem,  and  they  open  only  fit  night  Sticky 
Cockle  is  an  introduced  annual,  sometimes  abundant  in 
clover  fields  and  gardens.  It  is  a  rank  grower  and  a  heavy 
seeder,  but  is  easily  destroyed  by  ordinary  methods  of 
weed  extermination. 

Another  member  of  the  Pink  family,  BlaMer  Camjiion,  a 
perennial  with  creeping  rootstocks,  is  a  bad  weed  in  some 
sections,  chiefiy  in  meadows  and  waste  places.  The  stem 
is  erect,  pale,  smooth,  and  branching  from  the  base.  The 
Itower  is  ^  in.  wide,  with  white  petals,  purple- veined  and 
much  infiated.  Garden  Catchfly,  which  has  pmk  flowen, 
is  a  closely  related  species. 

Purple  Cockle,  or  Com  Cockle,  is  an  introduced  annual, 
found  wherever  wheat  is  cultivated.  In  some  sections  it  is 
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a  pemiciouB  \^'eed.  It  may  t)e  recognized  by  the  reddigh- 
purple  flowers,  the  calyx  of  which  has  long  lobes  three  or 
lour  timei  the  length  of  the  corolla.  The  item  !■  1-2  ft 
high,  and  dothed  with  long,  soft,  whitish-green  hairs. 
The  seeds  are  black,  rough,  and  about  the  size  of  graina  of 
wheat.  The  husks  of  the  seeds  often  appear  as  block 
specks  in  flour,  which  is  damaged  thereby.  The  seeds  are 
injurious  to  young  chickens.  An  old  English  writer  says : 
"  What  hurt  it  duth  among  come  (wheat),  the  epoylB  into 
bread,  as  well  in  color,  tasto  and  nnwhdeiomroaw,  it 
better  known  than  desired." 

White  CocUe,  or  Ereiiiiig  Lychnis,  has  a  viscid-hairy  stem, 
and  white  or  pinkish  flowort,  tq[>aiing  in  the  eveniiq;.  It 
is  not  common  in  this  province. 

Bouncing  Bet  is  a  garden  plant,  sometimes  found  running 
wild  by  roadsides.  It  is  a  smooth  herb,  with  large,  rose- 
colored  flowers,  which  are  very  pretty  when  double.  The 
Juice  ionoB  with  water  a  kthor,  whidi  waa  oaedM  a 
substitute  for  soap. 

Common  Chickweed,  with  its  soft,  brittle,  prostrate  stem, 
light-green,  ovate  leaves,  and  very  small  white  flowers,  is 
eztr^ely  oommmi  in  damp  ground,  in  gardens,  and  on 
hkwna.  It  is  a  fine  example  oi  an  inatgnifkmnt  plant 
conquering  in  the  struggle  for  life.  Mbose-ear  Chickweed^ 
common  in  gardens  and  fields,  is  a  perennial,  with  a  pros- 
trate, spreading,  hairy,  sticky  stem,  small  white  flowers, 
and  opposite  hairy  leaves,  which  resemUe  in  shape  and 
i^jpeanoee  a  mouse's  ear.  A  closely  related  species,  Fidd 
Chickweed,  a  beautiful  plant  found  on  rocky  hillsides  and 
in  pastures,  has  a  hairy,  slender,  ascending  stem  about 
6  in.  high,  narrow  leaves  and  white  flowers  in  few-flowered, 
tumiittl  di^ets. 

CoBWiOB  Spurrey,  the  last  member  of  the  Pink  family 
worthy  ol  moirtioaaa  a  weed,  it  <me  ncA  at  aU  attraottiw  m 
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appearance.  It  grows  rapidly,  and  has  a  serious  smother- 
ing effect  on  all  crops.  It  is  a  pestilent  weed  in  gardens 
and  grain  fields.  The  stem  is  erect  or  prostrate,  and  the 
leaves,  1-2  in.  long,  thread-like  and  in  whorls  at  the 
swollen  nodes  of  the  stem.  The  flowers  are  small  and 
white.  It  is  an  introduced  annual,  best  got  rid  of  by  pre- 
paring a  fine  seed-bed,  in  which  the  seeds  germinate,  and 
then  destroying  the  young  plants  by  harrowing. 

PURSLANE  FAMILY 

Common  Purslane  is  a  garden  weed,  easily  recognized  by 
its  red,  prostrate,  fleshy  stems  and  leaves,  and  its  small, 
yellow,  sessile  flowers,  which  open  only  in  sunny  mornings! 
It  is  a  pestilent  weed  in  many  gardens.  Owing  to  its 
tenacity  of  life  and  its  power  of  ripening  seeds  long  after  it 
has  been  rooted  up,  the  plant  is  not  easily  got  rid  of. 
Constant  cultivation  is  the  remedy.  Purslane  has  been 
naed  for  feeding  hogs,  but  the  labor  of  gathering  it  is  great 

MALLOW  FAMILT 

The  Mallows  are  not  noxious  weeds.  Roond-leaved 
Biallow  has  a  stout  tap-root,  prostrate  stem,  long-petioled 
leaves,  which  are  nearly  round,  and  pinkish  or  whitish 
solitaiy  flowers,  the  petals  of  which  are  twice  as  long  as 
the  sepals.  It  is  an  introduced  plant,  now  common  along 
roadsides  and  in  waste  places  about  buildings.  High 
Biallow,  which  has  an  erect  stem  2  ft.  higli,  sharply  5-7 
lobed  leaves,  and  flowers  with  purple  petals  three  Umes  as 
long  as  the  sepals,  sometimes  escapes  from  gardens. 

PULSE  OR  PSA  FAMILT 

The  members  of  this  family  can  be  recognized  by  the 
irregular,  butterfly-shaped  coroUa  as  seen  in  the  Sweet  Pea. 
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The  fruit  is  a  pod  containing  several  seeds.  The  family 
is  well-represented  in  Canada,  and  contains  many  useful 
plants,  such  as  peas,  beans,  and  clovers.  All  plants  of  the 
iaroiJy  serve  a  very  useful  purpose  in  collecting,  by  means 
of  baole> '".  in  the  nodules  on  tlie  roots,  nitn^;en  from  the 
air  and  foil. 

Waitf  Sweet  Clover,  found  along  roadsides,  in  fields,  and 
in  waste  places,  is  well  known.  The  leaves  become  very 
fragrant  in  drying,  and  are  said  to  serve  as  flavorii^;  for 
snuff  and  smoking  tobacco.  They  are  sometimes  padced 
with  furs  to  protect  them  from  moths. 

Yellow  Sweet  Clover,  or  Yellow  Melilot,  is  .also  common. 
It  was  formerly  called  in  England  "  King's  Clover," 
because,  as  Parkinson  writes,  "The  yellowe  flowers  doe 
crown  the  top  of  the  stalks." 

The  Wild  Tare,  or  Common  Vetch,  is  an  introduced  annual 
weed,  not  easily  eradicated  because  it  ripens  its  seeds  so 
early.  The  plant  has  a  simple,  hairy  stem,  leaves  with 
10-14  somewhat  inear  leaflets,  and  large  roee-oolored 
flowers.  The  flowers  are  nearly  sessile  in  the  leaf  axils, 
and  usually  are  in  groups  of  two.  The  pods  are  black 
when  mature,  and  contain  from  4-10  round,  mottled,  black 
seeds.  Purple-tufted  Vetdi  has  several  purplish  flowers 
ammged  in  a  l-sided  cluster,  leaves  with  many  narrow 
leaflets,  and  light-brown  pods,  each  1-2  in.  long.  Purple- 
tufted  Vetch  is  a  persistent  perennial,  difficult  to  eradicate. 
For  vetches,  a  short  rotation  in  which  clover  is  included  will 
be  found  usefoL 

ROSE  FAMILY 

The  Rose  family  contains  many  species,  the  majority  of 
which  are  ornamental  plants.  A  few  are  agricultural  pests. 
An  wiwmhMH  nt  thai  i^wiiiy  n«g^ui>  it^mn  rfftrttiirfi^ 
many  rtuMOi,  and  attenute  hnm  with  il^ite 
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The  pink  spiral  of  Steeple-bush,  or  Hardhack,  a  pretty 
woolly,  dwarf  shrub,  2-3  ft.  high,  lend  beauty  to  the 
autumn  landscape.    The  leaves  are  short-petioled,  ov»te, 
thick,  toothed,  smooth  above  and  downy  beneath.  It 
mvades  pastures,  and  must  be  pulled  »  at  by  the  roots 
Closely  related  to  Hardhack,  and  blossoming  with  it, 
Cbmbkiii  Meadow-wvMt  lifts  its  feathery  spires  upward 
from  river  banks  and  low  meadows.    Unlike  its  pink 
sister  it  has  a  smooth  stem  and  leaves,  and  its  flowers  an 
white  or  flesh-colored.    The  flowers  have  no  fragrance,  as 
the  name  suggests.  The  name  is  from  Anglo-Saxon  mead- 
wort,  which  means  honey-wine  herb,  alludmg  to  the  fact 
that  its  flowers,  mixed  with  mead,  give  it  the  flavor  of  th« 
Greek  wines. 

SUverweed,  a  perennial  with  slender  creeping  stems, 
compound  leaves  consisting  of  from  3-10  leaflets,  silvery- 
hairy  beneath,  and  golden-yellow  flowers  nearly  an  inch 
across,  is  found  along  shores  and  sometimes  in  wet  land. 
Because  of  its  bright  yellow  flowers,  the  term  "Goldenl 
weed'  would  seem  more  appropriate  than  SUverweed. 
It  is  only  when  the  leaves  are  placed  in  water,  with  the 
under  side  up,  that  we  reconcUe  oniselves  to  the  estab- 
lished title. 

From  spring  to  neariy  midsummer  the  roadsides  and 
fields  are  carpeted  with  the  bright  yellow  flowers  of 
CoaaoB  CtaqaeioU,  or  Flv»«nger,  a  slender,  prostrate,  trail- 
ing plant,  with  leaves  of  five  leaflets,  as  the  name  implies. 
Rough  CinquefoU,  a  weedy-looking  plant  common  in  dry 
soil,  has  a  stout,  rough  stem  from  1-2  ft.  high,  leaves  of 
three  leaflets,  and  yellow  flowers  m  close  leafy  clusters. 
In  woodland  and  meadow  one  may  find  many  represen- 
tatives of  the  Rose  family,  a  gronp  which  indtidM  onr 
luscious  Strawberry  and  Raspberry,  and  many  plants  with 
non-edible  fruits.   Among  the  li^er  is  ShraUy  fls|iirtrf^ 
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an  erect,  shrubby  perennial,  common  on  the  rocky  margins 
of  rivers  and  lakes.  Its  many  branches  are  crowded  with 
silky,  hairy  leaves,  each  divided  into  5-7  leaflets.  The 
flowers  look  like  yellow  strawberry  blossoms. 

Common  Agrimony  is  recognized  by  its  round,  funnel- 
shaped  bur  which  clings  to  whatever  touches  it.  The 
leaves  are  divided  into  several  coarsely-toothed  leaflets, 
and  the  flowers  are  small  and  yellow.  Throughout  late 
antiimn  the  rimider  ydlow  flower-dusters  of  AgrinuHiy 
skirt  the  woods  and  border  the  roadsides.  In  formor 
times  the  plant  was  held  in  high  esteem  by  the  town 
physician  and  country  doctor  alike.  Emerson  longed  to 
know 

"Only  the  herbs  and  simples  of  the  wood, 
Ra*,  dnqntfoil,  gill,  vwv»iii,  mod  •grinMMty." 

The  plant  yields  a  yellow  dye ;  uid  in  France  it  has  been 
used  in  making  a  dressing  for  shoe-IeaUier. 

The  bright  yellow  flowers  of  Tellow  Avens  are  conspicuous 
in  moist  meadows  during  the  summer,  finally  giving  way 
to  burs  or  balls  al  achenes  with  mmj  hodrad  fatistks — 
unwelcome  companions  on  our  walks. 

OBFISB  rAMXLY 

The  Orpine  family  contains  few  species,  but  they  are  ci 
wide  distribution.  The  common  Orpine,  or  Live-for-erer, 
escaped  from  cultivation  in  nearly  all  the  older  settlements 
of  Ganada,  is  a  tronl^scnne  weed  in  pastures,  hay  fields, 
and  along  gBoden  fences.  Its  tbidt,  flediy  tUmm  haf» 
great  vitality,  and  will  give  rise  to  new  shoots  even  wh«ii 
picked  and  placed  in  a  plant  press.  The  flowers  are 
purplish,  and  are  arranged  in  flat-topped  clusters  at  the 
flodafthtiiteti  stout  itaBi.  To  endioate  it,  spud,  fatmk 
Ihftsod,  Mid  cidtivate. 
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svmvo-mMBOSB  mmilt 

There  are  few  weeds  belonging  to  this  family,  and  many 
beautiful  flowering  plants,  such  as  fuchsias  and  ftUyMffl 
The  Common  Evening-Primrose  is  common  everywhere  in 
damp  meadows,  waste  places,  and  along  fences.    It  is  a 
nocturnal  beauty,  opening  its  large  yellow  flowers  and 
emitting  the  sweet  perfume  only  as  evaiing  approaches. 
During  the  day  the  flowers  may  look  faded  and  dull 
Though  each  flower  is  attractive  only  for  a  night,  yet 
during  that  time  it  has  many  visitors.    Moths  °sip  the 
sweet  nectwr  secreted  at  the  bottom  of  the  long  calyx-tube, 
and  at  the  same  time  receive  a  shower  of  pollen,  which  is 
carried  to  the  stigma  of  another  flower.    Later  in  the 
season  the  corolla  remains  longer  on  the  calyx,  and  we 
may  see  the  flowers  open  during  the  day.    The  Small 
XvenlBf-PrtairoM  is  oommim  in  dry  fields  and  by  road- 
sides.   It  has  a  low,  smooth  stem,  le<ss  than  1  ft  high, 
club-shaped,  4-angled  pods,  and  pale-yelbw  fiowov  which 
open  when  the  sun  is  shining. 

Hreweed,  or  Great  WiUowherb,  which  sometimes  grows 
6  ft  high,  has  scattered,  willow-like  leaves,  very  showy 
purplish  flowers  in  loose  terminal  dusters,  and  long 
narrow,  curving  pods  filled  with  many  downy-tufted  seeds! 
It  is  found  in  fields,  especially  on  ground  recently  burnt 
over.  It  is  a  tall  and  beautiful  plant,  and  its  loose  spikes 
of  magenta  flowers  lend  beauty  to  waste  and  desolate  fields. 
In  the  newly  opened  flowers  the  stigmas  are  doied,  Mid 
the  style  turned  backwards  and  downwards,  but  in  Uie 
older  blossoms  the  style  projects,  and  the  stigmas  are  ex- 
panded to  receive  the  pollen  which  bees  have  carried  from 
newly  opoied  flow^n.  ttmdakr  mniketb,  a  biennial 
1-8  ft  h^,  has  a  somewhat  sticky  st«n,  neariy  m&dh 
leaves,  and  veiy  small  purplish  flowen  hft  ta  end  eMer. 
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PAS8UE7  FAMZLT 

This  large  family  contains  many  herbaceous  plants  with 
unattractive  flowers.  Some  are  important  as  food  plants, 
for  example,  Carrot,  Parsnip,  and  Celery.  The  seeds  of 
some  members,  as  in  Caraway,  arc  aromatic  and  whole- 
some; oUiers,  for  example,  Poison  Hemlock  and  Cowbane, 
contdn  rank  poisons.  The  leaves  of  most  species  are 
quite  attractive,  being  repeatedly  sub-divided  and  feathery. 
A  characteristic  of  the  family  is  the  umbel,  or  umbrella- 
like cluster  of  flowers  seen  in  the  Carrot  or  Parmip. 
There  are  few  farm  weeds  members  of  the  family. 

Ctamnj  is  a  biennial  ronning  wild  in  most  places.  If 
the  plants  are  mowed  closdy,  or  fed  <^  for  two  successive 
years,  they  disappear.  Caraway  was  brought  to  this 
country  from  Europe  many  years  ago,  and  cultivated  for 
the  caraway  seed,  the  oblong,  highly  aromatic  fruit  In 
former  days  every  farmhouse  had  its  bunches  of  caraway 
hanging  from  the  kitchen  beams,  and  even  now  sometimes 
the  seeds  are  used  for  flavoring  cakes. 

Our  Common  Carrot  occasionally  runs  wild,  and  is  found 
in  fields,  pastures  and  on  roadsides.  In  the  wild  species 
tiie  root  is  comparatively  thin  and  woody.  The  cam^  ia 
an  excellent  example  of  the  possibility  of  rapid  modifica- 
tion of  plants  by  special  selection  and  cultivation. 

jotted  Cowbans,  Water  Hemlock,  or  Musqaash  Root,  has 
a  fleshy  root,  which  is  deadly  poisonous.  The  stem  is 
stout,  smooUl,  str^ed  witli  purple,  bat  aAdxm  spotted, 
and  2-6  ft.  high.  The  leaves,  consisting  of  many  narrow, 
coarsely-toothed  leaflets,  are  arranged  alternately.  The 
small  white  flowers  are  arranged  in  umbrella-shaped  clus- 
tors  about  4  in.  widfe.  Hie  feoit  is  annsatie  when  bruised. 
The  roots  are  very  poiwrnous  to  stock,  eqMeially  to  cattily 
which  pull  tlum  tmt  and  eat  than  fndj  whm  fraafa^  la 
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the  spring  time.  The  roots  not  only  look  like  small 
parsnips,  but,  like  them,  have  a  strong  aromatic  odor. 
Hay  containing  Spotted  Cowbane  should  not  be  fed.  The 
plant  is  closely  related  to  the  Poison  Hemlock,  the  juice 
of  which  was  used  in  putting  to  death  criminals  azul 
philosophers  in  ancient  Athens. 

LOBELIA  FAMILY 

In  summer  we  see  in  dry  meadows,  pastures,  and  grain 
fields,  the  pale-blue  flowers  of  lobelia,  or  Indian  Tobacco ; 
and  later  we  see  the  inflated  pods.   The  stem  is  erect, 

leafy,  brsnching,  8-18  in.  high,  and  has  a  milky,  acrid 
juice.  The  corolla  is  pale-blue,  J  in.  long,  and  irregular. 
The  leaves  are  ovate  or  oblong,  alternate,  and  toothed. 
Indian  Tobacco  is  somewhat  poisonous  if  taken  internally, 
and  it  yields  a  quack  medicine  of  some  notoriety.  The 
Indians  smoked  its  dried  leaves,  which  impart  to  the 
tongue  a  peculiar  tobacco-like  sensation.  Another  lobelia, 
the  Cardinal  Flower,  a  tall  perennial  with  large,  intensely 
red  flowors,  is  fomid  in  low  grounds  in  New  Branswick. 

HBATB  FIMILT 

Skeep  lavnd,  or  laaibkiU,  a  member  of  the  Heath  fomily, 

is  common,  often  covering  large  areas  in  boggy  or  rocky 
fields  with  its  beautiful  purple  flowers.  It  was  named  for 
Peter  Kalm,  a  pupil  of  Linnaeus,  who  travelled  in  America 
over  150  years  ago.  The  roots  are  woody,  the  stem 
shrubby,  and  1-4  ft.  high  ;  the  leaves  flat,  shining,  ever- 
green, and  pale  beneath,  and  the  showy,  rose-purple 
flowers  ar-£  »ed  in  lateral,  many-flowered  clusters.  The 
fruit  is  a  gi  jular  pod.  Lambkill  is  said  to  be  very 
poiscmous  to  i^eep,  horses  or  cattl^  while  dear  eat  Us 
leaves  witfi  imponity.    The  floww  of  Lambkill  was  a 
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favorite  with  Thoreau.  In  his  journal,  on  June  13th, 
1852,  he  wrote:  "Lambkill  is  out.  I  remember  with 
what  delight  I  used  to  discover  this  flower  in  dewy  morn- 
ings. All  things  in  this  world  must  be  seen  with  the 
mcnning  dew  oa  th«n,--miift  be  sem  with  yonthfal,  early- 
opoied,  hopefol  eyes." 

ooobaub  familt 

Spreading  Dogbane  is  an  erect,  shrubby  plant,  1-2  ft.  high, 
found  in  old  fields  and  along  roads  and  fences.  The  leaves 
are  opposite,  ovate,  entire  and  petioled,  the  flowers  small 
and  pink,  in  loose  dostors,  and  the  fruit  two  long  slender 
«podB,  each  about  3  in.  long.  The  pods  contain  many 
small,  silky-tufted  seeds.  Spreading  Dogbane  is  more 
attractive  in  form  and  more  delicate  in  coloring  than 
Meadow-sweet  The  flowers  are  beautifal,  the  deep  pink 
yeiniiig  of  the  corolla  suggesting  neotar,  which  is  seeieted 
by  glands  at  the  base  of  the  petals.  The  two  or  more 
long,  slender  seed-pods  are  conspicuous.  One  writer  says 
that  a  thread  similar  to  hemp  can  be  obtained  from  the 
stems,  cotton  from  the  pods,  and  sugar  tam  the  blossoms. 
The  common  name  arose  from  the  belief  tiial  the  plant 
is  poisonous  to  dogi. 

MILKWEED  FAMILY 

Common  lOlkweed,  so  named  from  the  milky  juice  which 
it  secretes,  has  a  tall  (2-8  ft),  stout,  downy  stem,  large, 
downy,  psJe,  opposite  or  whorkd  kaves,  and  dull  purple 
pink  flowers  clustmd  at  the  summit  and  along  the  sides 
of  the  stem.  The  fruit  is  a  large,  boat-shaped  pod,  full  of 
brown,  fiat,  silky-tufted  seeds.  Milkweed  is  found  in  rich 
sdl  in  fieids  and  on  the  b<»cters  of  thickets.  The  young 
Binoats  are  said  to  midro  an  eicellent  pofr-heifo ;  tiM  «ifcy 
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tofts  of  the  seeda  have  been  used  for  stuffing  pillows  and 
mattresses,  and  paper  has  been  manufactured  from  the 
stout  stalks.  The  milky  juice  which  fills  the  stem  possibly 
protects  the  flowers  from  the  inroads  of  ants,  which,  in 

crawling  up  the  stem,  cut  the  delicate  surface  with  their 
feet,  causing  the  juice  to  flow.  The  flower  is  constructed 
so  as  to  bring  about  cross-fertilization  through  the  agency  of 
insects. 

CONVOLVULUS  OS  MORNIIK  GLORY  FAMILY 

The  members  of  this  family  are  easily  recognized  by 
their  twining  stems  and  trumpet-shaped  flowers,  as  seen 
in  the  Mmiiiig  Olory. 

ndd  Bindweed  has  creeping  rootstocks,  tough,  curling 
stems,  which  wind  around  the  stems  of  various  plants, 
interfering  with  their  growth,  and  somewhat  arrow-shaped 
leaves.  The  flower  is  white  or  rose-colored,  and  solitary. 
It  is  a  weed  not  easily  eradicated,  and  careless  cultivation 
only  increases  the  trouble  by  carrying  portions  of  the  root- 
stock  from  place  to  place.  The  plant  may  be  kept  in 
check  by  the  frequent  introduction  of  well-cared-for  hoe- 
crops  into  the  rotation.  Salting  is  also  recommended. 
The  "WM  Mnalag  QUorj,  m  Btadveed,  which  haa  large, 
white,  solitary  flowers,  2  in.  across,  on  long,  slend^stalli, 
is  found  in  moist  alluvial  soil,  and  about  waste  heaps. 

Clover  Dodder,  Devil's  Gut,  or  Strangle  Weed,  has  a  slender, 
yellowish  or  reddish  stem,  twining  around  clover  or  grass, 
and  whitish  flowers  in  d&m  clusters  along  the  stem. 
There  are  no  leaves  and  no  root  after  the  plant  has  ob- 
tained a  hold  on  another  plant.  Dodder  is  a  parasite, 
drawing  its  nourishment  from  the  juices  of  the  plant  to 
which  it  clings.  Th&K  are  several  species  of  dodder, 
parasitic  on  flax,  oniims,  and  a  variety  d!  hertis  and 
small  shrubs. 


J 
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flOWQBT  FAMILY 

To  tlio  Figwort  family  belongs  MoUcfai,  a  tall, 

•tottt  plant,  growing  from  8-6  ft.  high.  The  leaves  are 
oblong  and  woolly,  and  tbo  flowen  yellow,  in  a  long^ 
dense,  terminal  spike.  Common  Mullein  was  brought  to 
this  country  from  Europe  by  the  early  colonists.  The 
Romans  dipped  the  long,  dry  stalk  in  suet  and  used  it  as 
a  funeral  torch ;  and  the  Qraekt  need  the  kayes  for  lamp* 
wicks.  In  these  days  "  mullein  tea"  is  greatly  eetewaed 
by  those  who  believe  in  it  as  a  remedy  for  the  lung 
complaints  of  man  and  beast  alike.  The  plant  is  common 
in  our  pastures  and  on  roadsides.  To  eradicate  it,  spud 
or  cut  below  the  crown,  dig  up  roots  when  young,  or  braak 
up  the  sod  and  '.  u  .^vate. 

Toad4sz,  or  ii^:.:  ■  and  Eggi,  has  many  linear,  entire, 
sessile  leaves,  and  orange-yellow  flowers  in  terminal  clus- 
ters. The  fruit  is  a  many-seeded  pod,  opening  by  a  hole 
found  below  the  summit  d  each  oelL  The  seeds  are  small 
and  black.  Toad-flax  is  naturalized  whemer  there  are 
settlements,  and  is  found  by  roadsides,  near  gardens,  and 
in  fence  comers.  The  bright  blossoms,  with  their  orange 
and  yellow  petals,  enliven  waste  places,  yet  they  attract 
Httle  notice.  The  plant  htm  been  utiliaad  by  eoimtiy 
people  in  making  what  was  considered  a  valuable  skin 
lotion.  The  juice,  mingled  with  milk,  makes  a  fly  poison. 

The  9peedweUS|  of  which  there  are  sc  jral  common 
apeckM,  are  fmmd  ki  damp  cultivated  fields,  and  in 
pMtaiet.  The  liNkwiea,  <r  IMiHsae  Wfrntmiia,  baa  a 
smooth,  erect  stem,  4-8  in.  high,  oval  or  oblong  toothed 
leaves,  and  small  blue  flowers.  The  Common  l^eedwell, 
''the  little  Speedwell's  darling  blue,"  is  noticeable  during 
Jmm  and  July,  when  duitan  ot  its  tmy  flowers  brighten 
fotdiida  banlak    It  iaa  a  prartmte,  loolii^  atsiB, 
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downy,  toothed,  short-stemmed  leaves,  and  paie-blue 
flowen  growing  in  thick  clusters. 

Yellow  S^,  or  KatttewMd,  is  a  slender,  upright  weed, 
6-12  in.  high,  with  opposite,  narrow,  coarsely.toothed 
leaves  set  close  to  the  stem,  and  yellow  flowers  arranged 
in  a  -  ied  leafy-bracted  spike.  In  fruit  the  calyx  is 
much  i.  .ated.  The  plant  prefers  damp  pastures,  but  is 
found  everywhere,  and  is  quite  oommon  in  some  sections  of 
the  Province. 

YBSyim  FAMILT 

Blue  Vervain,  or  Simpler's  J^,  is  oommon  along  road- 
sides, in  pastures,  and  in  summer  fallows.  It  is  an  erect 
plant,  2-3  ft.  high,  with  a  rough,  somewhat  4-8ided  stem, 
nnmerous,  opposite,  narrow  leaves,  and  small  purplish 
flowers  in  slender,  erect  spikes.  Each  flower  in  fruit  pro- 
duces four  nutlets.  In  early  times  Vervain  was  beset  with 
classic  associations.  Pliny  wrote  that  no  plant  was  more 
honored  among  Romans  than  the  sacred  Verbena.  In 
modon  times  it  has  been  regarded  as  an  "  herb  of  giace," 
supposed  to  possess  special  virtues,  and  to  avrat  disiatsr 
if  wotn  on  the  penon, 

"Hallowed  be  thou,  Vervain, 

As  thoa  growest  on  the  gronod ; 
For  in  the  Mount  of  Gatvaiy, 
There  thou  was  6xtt  found." 

The  name,  Simpler's  Joy,  was  given  it  because  of  Um 
remuneration  which  the  popular  plant  brought  to  the 
"Simplers,"  as  the  gatherers  of  medicinal  herbs  were 
called. 

MIST  FAMILT 

This  large  family  contains  several  weeds,  some  of  which 
are  of  common  occurrence,  but  none  nozioui.  The  notioe- 
able  general  characters  of  the  family  an  the  mgaan  stem, 


Common  Weeds  of  New  Bbcnswiok  303 


strong  scent  when  braised,  opposite,  simple  leaves,  and 
insular  flowers,  usually  clustered  in  the  axils  the 
leaves.  The  fruit  consists  of  seed-like  nutlets,  or  achonaBt 
which  are  often  found  in  commercial  seeds. 

Heal-«11,  or  Self-heal,  is  abundant  everywhere.  It  is  a 
low,  erect  plant,  4-8  in.  high,  with  a  spike  of  8-flowered, 
axillary  clusters  of  violet  flowers,  seen  in  damp  meadows 
and  by  roadsides  after  the  grass  is  removed.  The  common 
names  refer  to  its  reputed  medicinal  virtues.  In  former 
times  it  was  considered  a  sure  cure  for  quinsy ;  and  the 
plaot  was  applied  to  the  wounds  received  by  nistio 
lak oms.  An  old  French  proverb  says :  "No  one  wmli a 
surgeon  who  keeps  Prunelle  (Heal-all)." 

Canada  Wild  Ifint  has  a  strong,  aromatic  odor,  and  pur- 
plish flowers  clustered  in  the  axils  of  the  leaves.  It  is  a 
native  mint,  fotmd  in  damp  meadows  and  low  places. 
WluMded  mat,  introduced  from  Europe  and  escaped  from 
gardens  in  some  sections,  closely  resembles  Canada  Mirt 
In  Spearmint  the  flowers  are  in  a  narrow,  terminal  spike, 
and  the  leaves  are  sessile.  Peppermint  is  also  a  garden 
escape.  It  has  opposite,  strcmgly  aromatic,  ^ofdy- 
toothed  leaves,  with  a  distinct  taste,  and  oaall  whiUdi  ot 
purplish  flowers  in  leafless  spikes. 

Common  Motherwort  and  Catn^  are  two  herbs  which 
should  be  familiar  to  aU.  They,  with  Tansy  and  othere, 
are  old-^hioned,  time-hmuned  plants,  whUdi  ding  per- 
sistently to  the  skirts  of  the  old  homestead  in  whose 
domestic  economy  they  once  played  such  an  i  portant 
part  Motherwort  has  a  tall,  erect,  square  stem,  opposite, 
Iched  leaves,  and  regular  axillary  whoris  of  closely  clus- 
tered, pale-purplish  flowers.  CMa^  haa  a  ctowny 
stem,  heart-shaped  leaves  with  roimded  teeth,  and  whitish 
flowers  crowded  in  terminal  clusters.  It  blossoms  in  late 
summer.    Its  leaves  are  readily  eaten  by  cats. 
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Onmnd  lyy  has  a  creeping  stem,  small  kidney-shaped 
leaves  with  rounded  teeth,  and  bluish-purple  flowers 
loosely  clustered  in  the  axils  of  leaves.  It  grows  along 
fences  and  among  stones.  At  one  time  it  was  highly 
prised  for  medicinal  purposes.  Gerarde  said,  "Boiled 
in  mutton-broth,  it  helpeth  weake  and  acheing  backs." 

Common  Hempnettie,  the  last  member  of  the  Mint  family 
to  be  mentioned,  is  an  emigrant  from  Europe,  now  a 
troublesome  weed  in  waste  places  and  in  all  crops  on  rich 
land.  It  is  yery  common  abont  bams.  The  ston  is 
bristly-hairy,  1-3  ft.  high,  branching,  swollen  below  the 
joints,  the  leaves  opposite  and  coarsely  toothed,  and  the 
flowers  purplish,  arranged  in  whorls  in  the  axils  of  the 
leaves.   Frequent  coltiyation  will  eradicate  ii 

nunAm  wamslt 

In  Canada  this  f«nily  includes  a  few  species  of  weedy, 
stemless  plants,  with  eonqncnous,  slender  spikes  ct  yory 
small  flowers.  The  seeds,  borne  in  little  thin  capsules, 
are  found  in  grass  and  clover  seed.  Common  Plartain  has 
a  naked  scape,  terminated  by  a  long,  slender,  dense  spike 
of  flowers,  and  ovate  or  slightly  heart-shaped,  5-7  ribbed, 
radical  leaves.  The  plant  is  o(»nm(m  in  moist  soils,  in 
meadows,  pastures,  and  lawns.  It  can  be  kiUed  hv 
spudding,  or  by  cultivation. 

Karrow^leaved  Plantain,  or  Rib-grass,  is  a  deep-rc  v 
perennial  with  long,  2-12  in.,  narrow,  3-6  ribbed  lei ' 
and  small  flowers  in  thidc,  doue,  short'  spikes.  The 
yellow  anthers  of  the  stamens  project  from  the  flowers, 
giving  a  yellowish  appearance  to  the  whole  spike.  Later 
the  head  elongates,  forming  a  black  spike  1-4  in.  long. 
Rib-grass  is  eonddwed  a  bad  weed,  especially  when  it 
appears  on  lawns.   The  chief  injury  dmie     it  Uei  in  th* 
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presence  of  the  brownish  seeds  among  those  of  grasses  and 
clovers  grown  for  sale.  The  plant  itaelf  is  palatable  to 
stock,  and  provides  fodder  of  fait  quality,  "^n^al^ 
meadows  should  be  ploughed  and  sown  with  dean  seed. 
From  lawns  both  plantains  may  be  removed  by  a  sharp 
knife,  run  round  deeply,  close  to  the  crown,  thus  removing 
the  plan  t 

This  family  contains  many  weedy  plants  y&Ath  aie 
enemies  of  the  farmer.  One  species,  Lamb's  Qnarters,  is  an 
abundant  annual  weed  in  cultivated  grounds,  in  waste 
places,  and  near  bams.  Late  cultivation  is  necessary  to 
combat  the  weed,  as  it  flowers  and  seeds  until  late  in  the 
antomn.  Land  aho  Id  be  ploughed  or  harrowwl  im> 
mediately  after  the  harvest,  and  cultivated  i4  intervals 
until  late  in  the  season.  The  plant  has  an  upright, 
grooved,  much-branched  stem,  1-3  ft  high,  pvate,  serrate 
leavea,  whitish-green  below  and  dark-green  above,  and 
minute  green  ikmen  in  4aam  dnstoa.  Hie  firadt  ie  ft 
black,  shining  achene,  nearly  circular  in  outline.  Lamb^i 
Quarters  is  usually  called  "Pigweed "  by  the  farmer. 

Otache,  often  found  growing  with  Lamb's  Quarters, 
somewhat  rasonblee  the  latter,  but  is  distinguished  by  its 
flat,  nearly  trianguto,  Ihiiting  biaeli,  and  iii  broadlj 
triangolar,  izngnlaily-tootiwd  kmk 

» 

AMASAITTH  FAMILY 

Redrroot  Pigweed,  or  Green  Amaranth,  is  an  erect,  stout, 
much-branched,  tall  plant,  with  a  long,  stout,  pink  root 
Hw  kavcf  aie  coaxae,  orate,  wavy-margined,  and  long- 
petioled,  and  the  mmnte  gnm  fiowin  an  ana^ed  to 
short,  dustered  spikes.  Red-root  Pigweed  is  a  coarse, 
unattractive  annual  whidi  draws  heavily  on  the  food  and 
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w»ter  supply  of  the  soiL  Infetted  land  Bhould  be  fre- 
quently cultivated  during  the  faU,  and  then  ribbed-up  for 

a  hoe-crop  the  following  spring. 

White  Pigweed,  or  Tumbleweed,  is  a  prostrate  or  ascending 
annual  sometimes  found  on  waste  heaps  near  towns,  and 
along  raaways.  The  stems  are  whitish,  and  the  greenish 
flowers  are  in  close  axillary  clusters.  When  mature,  these 
plants  break  oflF  at  the  ground  and  are  blown  long  distanoes 
by  the  wind,  scattering  their  seeds  as  they  roll  along. 

BUCKWHEAT  FAMILY 

The  objectionable  members  of  this  family  belong  to  two 
groups,  the  Docks  and  the  Smartweeds,  or  Knotweeds. 
The  flowers  have  no  true  corolla,  the  achenes  being  sur- 
rounded by  a  more  or  less  persistent  calyx.  The  achenes 
are  3-4-angled  or  winged. 

Doorweed,  Knotgrass  or  Goosegrast,  is  an  introduced 
species  with  some  native  forms.  It  is  very  common 
around  dwellings,  and  in  grain  and  other  crops.  The 
stem  is  prostrate  and  spreading,  the  leaves  very  small, 
narrow  and  sessile,  and  the  minute  pink  flowers  arranged 
in  axillary  clusters  along  the  stem. 

lady's  Thuaib,  distinguished  by  the  dark  blotch  in  the 
middle  of  the  leaf,  is  an  ascending,  nearly  smooth  plant, 
12-18  in.  high,  with  alternate  leaves,  hairy  leaf-sheaths 
and  small,  pinkish  flowers  in  erect,  dense  spikes.  The 
fruit  is  a  flat,  3-angled,  black  nutlet.  The  plant  is  very 
oanmon  in  waste  places  around  dwellings,  and  on  low 
land. 

Common  Smartweed  resembles  Lady's  Thumb,  but  is 
distinguished  from  the  latter  by  its  pungent,  acrid  juice, 
and  the  absence  of  the  dark  blotch  in  the  leaf.  The 
flowers  axe  gremish-white,  and  arranged  in  short,  nodding 
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spikes.  Smartweed  is  common  in  ditches  and  in  damp 
places  eveiywhere.  Several  closely  related  species  d 
smartweed  and  knotweed  are  common  in  New  Bnmiwiok 

in  addition  to  those  already  described. 

Wild  Buckwheat,  or  Black  Bindweed,  a  twining  or  climbing 
plant,  with  heart-shaped  leaves,  very  small  whitish  flowers 
in  loose  dusters,  and  a  dai^-brown  triangular  fruit,  is 
common  in  grain  fields,  gardens,  and  waste  {daces,  where 
it  often  covers  many  square  feet  of  surface,  choking  and 
smothering  useful  plants.  It  somewhat  resembles  Culti- 
vated Buckwheat,  and  is  often  confused  with  the  more 
objectionable  BtodSl  Bindweed. 

Arrow-leaved  Tear-tbnaib,  common  in  low  groiitt^  and 
ditches,  is  a  climbing  plant  with  a  4-angled  stem,  the 
angles  of  which  are  beset  with  reflexed,  minute  prickles 
by  which  the  plant  is  enabled  to  climb.  The  leaves  are 
anow-diaped  and  clasping.  Whm  drawn  through  the 
hand  the  prickles  tear  the  flesh,  hence  the  common  name. 

Carled,  or  Sour  Dock,  is  a  deep-rooted  perennial  introduced 
from  Europe,  and  now  common  around  buildings  and  in 
pastures.  It  has  a  strongly-developed,  fleshy  tap-root,  a 
.Bl«idw  stem,  1-3  ft.  high,  alternate  Iraves  6-12  in.  I<»g 
with  wavy  margins,  and  whorls  of  small  green  flowers  in 
long  clusters.  The  fruit  is  a  brown,  shining,  triangular 
grain.  The  Docks  are  among  the  few  plants  whose  roots 
have  the  power  of  producing  adventitious  buds.  When 
cut  up,  each  piece  of  dock  root  is  capable  of  sending  forth 
a  shoot,  thus  producing  a  new  plant.  Cutting  Mow  the 
crown,  which  will  destroy  most  biennials  or  perennials, 
will  not  kill  Sour  Dock.  The  plants  must  be  pulled  up 
and  completely  removed,  or  the  roots  ploughed  up  and 
the  i^eoes  carf^lly  collected  and  taken  off  the  laiid.  It 
is  di£9cult  to  separate  the  seeds  from  Red  CSover  seed ; 
but  ever}  effort  should  be  made  to  seotue  dean  seed. 
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Bitter  Dock  is  not  so  common.    Its  loweft  leaves  are 

oblong-heart-shaped,  and  only  slightly  wavy-margined, 
the  upper  leaves  are  narrow  and  acute,  and  all  pale  green, 
and  the  amall  green  flowers  are  in  distinct,  loose  whorls. 
The  aeed-valves  bear  conspiciioiiii,  single,  white  grains. 

Sheep  Sorrel,  or  Sour  Weed,  is  veiy  common  in  sandy  soils, 
and  in  worn-out  pastures  or  meadows.  The  presence  of 
Sheep  Sorrel  points  to  poor  land.  It  prefers  acid  soils. 
Infested  land  should  receive  liberal  dressings  of  manures 
and  lime  which  counteracts  the  acidity  of  the  soil.  The 
plant  is  recognized  by  its  spear-shaped  leaves,  well-known 
sour  taste,  and  the  small  greenish  or  reddish  floweii 
arranged  in  clusters. 

COMPOSITE  OS  STTlffFLOWBR  FAMILY 

The  Sunflower  family  ia  the  largest  family  of  flowering 
plants,  containing  thousands  of  species,  and  ranks  highest 
in  the  plant  kingdtnn.  Not  only  are  many  of  our  beauti- 
ful garden  plants,  such  as  asters,  members  of  this  fomily ; 
but  it  also  includes  many  plants  which  are  classed  as 
noxious  weeds.  The  flowers  are  in  heads,  that  is,  many 
small  flowers  (florets)  are  arranged  on  a  somewhat  flat 
receptacle.  In  some  cases  there  are  two  kinds  of  florets  in 
a  head,  outer  ones  with  long  strapHshaped  corollas,  called 
ray  flowers,  and  inner  disk  flowers,  each  with  a  tubular 
corolla.  The  Common  Sunflower  is  a  good  example  of 
this  group. 

In  others  all  the  florets  are  alike,  as  in  the  Danddion. 
The  calyx  when  present  is  closely  united  with  the  ovary, 
and  in  fruit  shows  a  ring  of  bristles,  teeth,  or  scales,  called 
a  pappus,  by  which  the  fruit  is  carried  long  distances  by 
whidi.  The  true  seed  is  oadosed  in  a  dry,  hard  covering. 
Among  leading  representatives  of  the  family  are  the 
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Aften,  Qoldenrods,  Thistles,  Burdock,  Fleabanes  and 
Sonflowen.   In  Augiut  we  see  the  tall,  striking  memben 

of  this  family  crowding  thickets  and  hedges,  and  border* 
ing  roadsides  everywhere.  The  margin  of  the  highway  in 
May  is  flat  compared  with  its  aspect  in  late  summer  and 
eaily  aatnmn. 

Boassit,  er  Tketeogkimt,  is  recogniied  by  the  opfxwite, 
perforated  leaves,  which  enclose  the  stem,  and  taper  to  a 
point,  and  the  small,  dull-white,  unattractive  flowers 
arranged  in  terminal  cJusters.  The  plant  grows  from 
2-4  ft  high,  and  is  coarse  and  hairy.  It  is  a  bitter  herb 
with  medicinal  properties.  The  Indians  first  diaoo?end 
its  virtues,  and  called  it  Ague-weed.  The  name,  Boneset, 
was  given  it  because  at  one  time  it  was  used  in  curing  a 
disease  called  break-bone  fever.  To  the  children  of  fifty 
years  ago  the  dried  herb  served  as  a  gmesome  warning 
against  wet  feet  or  any  exposure  which  might  result  in 
a  cold.  If  such  calamity  befell  the  unhappy  child  a 
nauseous  drink,  called  "Ixmeset  tea,"  was  poured  down 
his  throat 

Jo9  Pye  WesA  is  a  tall  relation  of  Boneset,  with  dnD, 

pinkish  fiowers  in  flat-topped  clusters,  very  rough  and 
veiny  leaves,  and  a  simple,  stout  stem  growing  from 
2-12  ft  high.  It  is  an  aspiring  plant,  and  its  large  pink 
flower  clustoB  tinge  with  crushed  strawberry  "  the  low- 
lands throng^  which  we  pass  in  antonrn  days.  The  plant 
was  named  after  Joe  Pye,  a  New  Skigland  Indian,  who 
cured  typhus  fever  with  the  herb. 

Among  the  common  shorter  weeds  of  roadside  and  fields 
axe  the  VImbmm,  so  named  because  of  the  belief  that  when 
burned  they  wen  objeoticmable  to  insects.  FleabaiMa 
resemble  small  istew,  and  are  white  or  slightly  tinged 
with  purple.  Canada  Fteabane,  or  Horaeweed,  is  a  tall,  erect, 
hairy  plant,  with  downy,  linear  leaves  and  numeroitt 


310        AOBIOULTUBB  AND  NaTUM  StUDT 

small  heads  of  white  floweni.  It  is  very  common  in  fields. 
The  Daisy  Fleabane  common  in  fields  and  waste  places, 

18  tall,  branched  above,  roughish  with  spreading  hain, 
and  having  ovate  or  knee-shaped  leaves,  with  the  loww 
ones  coarsely  toothed.  The  rays  of  the  flowers  are  short 
and  often  t'  ^  with  purple.  The  seeds  are  carried  in 
hay.  Rough  Daisy  Reabane  has  rough,  entire  leaves  and 
white  flowers  in  heads  ^  in.  across.  Rosy  Fleabane  has 
dasping,  entire  leaves  and  rose  pink  showy  flowers  in 
heads  f  m.  wide.  It  is  common  in  k  grassy  places 
1  «  an  attractive  phL- 1    It  grows  bom 

1-2  ft.  high,  and  the  white,  downy  stem  is  leafy  to  the 
top  with  narrow,  downy  leaves.  The  flowers  are  pearly- 
White  and  arranged  in  terminal  clusters  which  lendheauty 
to  the  autmnn  Iwdscape. 

Plantain-leaved  Bvwlasting  is  a  leafy,  prostrate  plant 
giving  off  runners.  The  flowers  are  silvery-white,  and  are 
arranged  in  small  crowded  clusters.  They  are  seen  only 
in  early  summer.  The  plant  is  found  on  dry  knolls  and 
slopes,  and  in  pastures.  In  the  autumn  all  one  can  see 
of  it  18  the  small  rosette  of  downy,  cottony  leaves. 

Low  Cudweed  is  smaller  than  Pearly  Everlasting.  It  has 
an  ascending  white-woolly  stem,  4-8  in.  high,  narrow 
cottony  leaves,  and  whitish  or  yellowish  flowers.  The 
leafy  clusters  of  flowen  are  inconspicuous.  Low  Cudweed 
w  an  insignificant  weed,  found  in  fields  and  pastures. 
The  namo,  meaning  ''lock  of  wool,"  ia  derived  from  the 
Greek.  Scented  Everlasting  has  yellowish-white  flowers  in 
terminal  clusters,  and  a  leafy  stem.  The  whole  phmt  is 
fragrant  *^ 

^gweed,  or  Hogweed,  is  a  bad  weed  in  rich,  cultivated 
land.  It  was  introduced  into  this  Province  in  imported 
aeeds,  and  is  now  spreading  fast.  The  classical  name 
means  "food  for  the  gods,"  a  name  perhaps  sarcastically 
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given  to  this  weed.  The  plant  la  much  branched,  1-3  ft. 
high,  slightly  hairy,  with  finely  divided  leaves,  and 
nnattractiye  ydlowish  flowers  in  q^et.  The  leedi  }un9 
a  bad  taste,  and  they  impart  a  peculiar  odor  to  the  milk 
of  cows  eating  the  plant.  This  weed  may  be  kept  in 
check  by  mowing  to  prevent  seeding,  and  by  cultivating 
stubble  land.  An  average  plant  produces  5,000  seeds. 
The  Orsst  Ssfwesd,  not  ocmrnum  in  New  Itomswi^ 
sometimes  grows  to  a  height  of  12  feet 

Cocklebar  is  a  stout,  rough,  low  branching  plant,  1-2  ft. 
high,  with  opposite,  triangular,  3-lobed  leaves  and  green 
flowers  in  heads.  The  striking  feature  ci  the  i^t  is  tibe 
tar  with  the  spines  at  the  top.  It  is  a  coane  weed  found 
around  barnyards  and  in  waste,  manured  ground.  The 
burs  become  entangled  in  the  wool  of  sheep,  causing  the 
wool-picker  much  trouble. 

Another  familiar  wayride  plant,  a  tramp  long  since 
an.ived  from  Europe,  is  Elecampane.  It  has  a  tall,  stout 
stem,  3-5  ft.  high,  and  mucilaginous  roote  which  have, 
been  used  as  a  horse  medicine.  The  leaves  are  alternate, 
entire,  large,  and  woolly  beneath,  with  the  upper  ones 
clasping.  The  flowns  are  in  large  heads,  resraaUing 
small  sunflower  heads.  The  ray  flowers  are  yellow  and 
numerous,  in  one  row,  and  the  disc  flowers  greenish- 
yellow.  Elecampane  is  usually  found  on  damp  ground 
where  a  road  passes  a  swamp.  Its  succulent  leaf  furnishes 
food  f<»r  many  grasshoppers  whidi,  perched  <m  the  dry, 
dusty  leaves,  help  to  swell  the  g^Ruid  ohorai  of  a  nad- 
summer  day's  music. 

Black-eyed  Susan,  Cone-flower,  or  Tellow  Daisy,  has  deep 
golden,  orange-yellow  ray  flowers  in  <me  outer  cirde,  and 
a  central  purple-brown  cone.  Hie  stem,  growing  1-S  ft, 
high,  is  rough-bristly,  and  the  leaves  are  alteraate,  mutf 
entire,  3-ribbed,  and  thick.  Black-eyed  Susan  b  a  naitm 
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perennial  plant  found  in  old  meadows  and  pastures,  and 
Bometimes  in  grain  fields.  Mowing  usually  kills  it,  but 
sometimes  it  is  necessaiy  to  break  up  a  field  and  plant  a 

Ox-«ye  Daisy,  or  Whlteweed,  loottUj  known  as  Bnfl's^ys, 

18  a  very  common  and  troublesome  weed  in  pastures  and 
hay  fields.    Its  heads  are  1-2  inches  wide,  with  white  ray 
flowm  and  bright  yellow  disc  flowers.    The  roots  are 
short  and  thick  and  of  great  vitality,  the  stem  1-2  ft.  high 
and  the  leaves  cut-toothed,  parUy  clasping,  and  slightly 
aromatic.    Ox-eye  Daisy,  a  native  of  the  Old  World, 
brought  to  this  country  by  the  early  colonists,  now  stars 
the  June  meadows  with  its  gold-centred  blossoms,  which 
delight  the  eyes  of  children  and  the  beauty-lovers,  while 
they  make  sad  the  heart  of  the  farmer.    It  is  hnrtfol  to 
pasture  land,  and  makes  hay  of  poor  quality.   Its  eradica- 
tion  is  difficult    Sod  must  be  broken  up,  and  the  land 
cultivated  and  seeded  to  clover.    The  "  Wee,  modest, 
.  crimson-tipped  flower"  of  Bums,  and  the  "day's  ey«" 

"IW  wdl  by  reMon  men  it  call  may 
Tbe  IWde,  or  elM  tiM      of  tU  day," 

as  sung  by  Chaucer,  is  not  the  Ox-eye  Daisy  but  the  true 
daisy,  Bellia  perennis,  ot  England. 

In  low  grounds,  by  a  passing  brook,  and  in  barnyards 
or  grain  fields,  one  comes  in  contact  with  the  tenacious 
2-pronged  fruits  of  Beggar-ticks,  or  Pitchforks,  which  make 
one's  clothes  a  means  ol  conveyance  to  ''fresh  woods  and 
pastures  new."  The  plant  grows  from  2-6  ft  high,  is 
much  branched,  and  has  leaves  with  3-5  divisions,  and 
unattractive  flower  heads  consisting  of  brownish-yellow, 
triangular  flowere.  Greater  Bur-Blarigold,  a  closely  related 
species  found  in  wet  fdaces,  has  opposite,  simple,  narrow, 
toothed  leaves,  and  kiger  heads.    It  does  i«4  best  to 
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retrieve  the  family  Itqmtation  for  ugliness,  and  surrounds 
its  dingy,  disc  flowers  with  a  circle  o!  showy  golden  rays 
which  make  the  moist  ditches  of  late  autumn  attractive. 

Tatsvw,  or  HUIaU,  has  soft,  feathery,  muoh-dividad  ksvea, 
and  HmMo^pbA  duttra  of  iohUI  whit«  flowvm.  It  it  a 
European  plant  named  by  Linnseus,  the  great  botanist,  after 
Achilles,  the  great  Grecian  hero,  who  cured  the  wounds  of 
his  soldiers  with  the  plant.  It  abounds  in  meadows  and 
pastoiea,  tral  may  b«  «ndioat«d  1^  cncM  ooltivBtkm. 
The  eaily  Enfl^  botaniata  oaUed  the  {daat  "noM-bleed, " 
because  "the  leaves  being  put  into  the  nose  caused  it  to 
bleed."  One  writer  said,  "  Most  men  say  that  the  leaves 
chewed,  and  especially  greene  are  a  remedie  for  the  tooth- 
ache." InSweteitheplantwaaiisediBtbemaii«fioli» 
of  beer;  and  Linnseus  considered  the  beer  that  btewed  to 
be  more  intoxicating  than  that  in  which  hops  were  used. 

Common  Tansy  has  a  stout  root,  an  erect  stem,  2-4  ft 
high,  deep-green,  much-divided  leaves,  and  a  flat-topped 
diitl«r,  2-3  in.  ^de,  of  many  iieade  of  deep  orange-yeUow 
flowers.  The  juice  is  strong-scented  and  acrid.  Tansy  it 
a  perennial  usually  found  in  patches  by  roadsides  and  in 
lanes  near  dwellings.  Tansy  means  "undying,"  because 
the  flowers  are  durable.  The  plant  has  been  used  in 
medioiae  rince  the  Middk  Aget ;  and  eten  hi  theae  dayt 
"tamy  tea"  is  held  in  high  repute  by  country  people. 

Hayweed,  or  C'lutuomile,  is  another  strong-scented  herb 
very  abundant  by  roadsides,  along  the  streets  of  towns 
and  in  waste  places.  The  white-rayed  heads  closely  re- 
I  emlAn  those  oi  Ox-eye  Dal^,  hat  they  ara  raMUor,  and 
the  centres  are  ydlow,  in  Idg^  reUef.  The  leaves  are 
finely-cut  and  possess  a  strong,  disagreeable  odor,  by 
which  the  plant  is  easily  recognized.  Chamomile  tea, 
considered  by  some  a  mue  for  mmy  ills,  is  made  from  the 
leaTBi  whidi|  when  rubbed  on  the  fledi,  wiQ  cause  blisfeen. 
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si  f!2T  *^J^"f^dea,  which  18  auch  esteemed  for 
It.  tt«Mebd  pfopertiea    It  is  a  etrong-scented,  ai!ky. 

much-divided  leaves,  and  nodding  flower  heads. 

^  J!j!r^I  *°  common  by  roadsides  and  in  old  fields  near 

rtweUingi,  i.  a  tjOl,  rank,  unsighUy  plant  closely  related  to 

Wormwood.   ThtatemkMnM  -  A 4*  u-  u  '  ^ 
AW       u  M<eet,  A -4  ft.  high,  iuid  bnuicli- 

-.^r,  t.T  leaTit  «e  deeply  cut,  grata  tad  mootk  above 
aui  .  ,t  ony-white  below.    The  nnattMoti^  fl«m«  ^ 

-rra  .go  J  m  clusters  of  small  hea  ,  - 

»irdoek  i«  a  iroU-known,  coai  .  biennial  commo.  in 
P«tur..  doory^tl.  ^  ^  ^^^^  ^  ^ 

Stout  root.,  enceitssmdicationiadiffieiilt  If  out  below 

tte  crown  with  a  spud  once  or  oftener,  it  wiU  not  long 
wmve.    The  iiooked  burs  cling  to  everything,  andT 
^  "t^"^'  °'  buVncd  th- 

fZf^h!^/  "*^^  adi;  and  a  decc.Uon 

ibro<:s;re;.^"-'^^ 


annaal  ^''J^         "'^'^^  branching 

«^  wW»  aHem.te^  divi<led,  clasping  leaves,  a.d  yeHow 
flowers  in  tern.mal  fiat-topped  duste*    It  is  found  in 
gaidens  and  c  itivated  fields,  chiefly  on  lo. 
The  plant  flouers  for  ...veral  month,  ^he 
SnJe^^lSt!""^'      clevelopment  can     ually  b. 

Ragwort  is  a  pernicious  weed,  not  wide.  /  die,  ,  ,ted  u 
New  Brunswick,  but  f  und  along  th  .ailway.  It  is 
quite  common  about  C  .tham  and  Ne^  .stie  T 
i^what  ««««Wes  T.a.y,  out  tiie  ieav  s  are  miu.  d 
the  flowers  a  Itf^  y«fi^  in  eofar.  It  a  shc-t  ^  ed 
perennial  brought  to  thw  country  from  tb<'  ^a. 
Cattle  eating  the  p««  ^  wite  «d  dfc,  b«t  die^ 
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not  inj  riougly  nflected.  Kvery  ef?  i  should  be  made  tf 
teadica  e  the  plant.  If  not  coi.imoii  it  may  be  pulled  out 
or  spudded.  If  a  field  i  badly  infested,  a  short  rotation 
•ibeiild  be  ack^>ted. 

BsttpVMd,  or  Haitbeedt,  s  a  stout,  rough  plant,  1-2  ft 
iii>b,  w'Wi  entire,  narrow  leavef  rough  with  hairs,  and 
tenninul,  roun  I,  hard,  black  heads  of  purplish  flowers. 
Ki  apweed  is  a,  Euru]>ea!  plant  now  naturalized  in 
vamiam  aael  ptitauaa,  and  by  roadiyes  at  Mreral  placet 
in  New  B  ^:i8wick.  Spudding,  mowing  several  times  to 
eeedir^,  or  oaraf ui  oultivaticm,  ihould  keep  it  from 

"^odty  -  Wnd  SMCorjr,  is  u  .^A^  branching,  slightly 
ht  ^    deep  tap-root,  partly  clasping  toavei 

wit  ar  fidi.      and  nomeroue  conspicuous  bri^t> 

Mu'  iwers  \\  in.  .de,  on  tho  naked  branches.  It  is  »n 
inuuauced  perenniai,  found  in  old  fields  and  on  roadsides. 
The  long  tap-root  makes  ito  eradication  difficult;  but 
-spudding  and  frequent  cultivation  will  do  much  to  rid  the 
land  of  it.  The  root,  when  s  and  ground,  is  used  for 
adulterating  coffee.  Hor  -  entioned  tne  leaves  of 
Chicory  as  part  of  his  frugal  t.  d  Pliny  remarked  on 
the  kapeitaDceoltlw  plant  k>  li  :y{rtiaiui|  who  used  it 
n  great  quantitm.  It  is  ezteiffij  ndtiwtid  in  IWmoe^ 
when  the  kana  are  used  in  a  laiad. 

•<  Oh,  not  in  LadiMP  gMdans, 
My  peMant  piMqr  I 

Baiil«  thy  d«r  1^  «w, 

only  ■eww  to  um  ikies— 
Cn  apbuid  pMtaiM,  din  sad  vm^— 
Bat  by  tbc  doty  md 
Where  tired  feet 
Toil  to  and  fro ; 
Where  flaunting  sis 

Ma/  see  thy  heavenly  hue, 
Or  weai7  sorrow  look  from  tbee 

flMwd  a  flHM  tmder  faioft" 
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WUd  Lettuce  i8  a  tall,  smooth,  erect  plant,  1-7  ft.  high, 
with  hollow  Btem,  alternate,  deeply-lobed,  partly  clasping 
leaves,  and  yellow  flowen  in  numerous  small  heads  in  a 
long  and  narrow  cluster.  It  is  found  in  deep,  rich  aoU  in 
fieldp  and  by  roadsides.  There  are  ievend  dimdy  nialed 
species  common  in  this  province. 

The  Commod  Dandelioa,  with  its  radical,  coarsely-toothed 
leaves,  long  tap-root,  and  hollow,  naked  stem  terminating  in 
a  bright  yellow  head  ot  florets,  is  well-known,  finenctt't 
definition  of  a  weed  was  :  "A  plant  whose  virtuei  have 
not  yet  been  discovered. ' '  This  does  not  apply  to  common 
Dandelion,  because  its  young  sprouts  have  been  used  as  a 
pot-herb,  its  fresh  leaves  as  a  salad,  and  its  dried  xoote 
a  substitute  for  coffee.  It  is  said  that  the  Apadit  Indians 
so  greatly  relish  the  plant  as  food  that  th^  tiavel  gnat 
distances  to  procure  it. 

The  Tan  Dandelion,  or  Angnst  flower,  which  blossoms  in 
the  autumn,  has  a  Inanobing  solid  stem,  and  MMf^kr 
heads  of  yellow  flowers.  It  is  common  in  partoxes  and 
by  roadsides. 

The  Hawkweeda  a*^  noxious  weeds.  The  Orange  Hcwfe- 
wmi,  er  Devll*s  Bdnt  Bmih,  is  a  persistent  perennial 
introduced  into  New  Ikwumkk  horn  Western  Chmada. 

It  is  a  vigorous  grownr,  throwing  out  many  creepii^ 
branches  close  to  the  ground,  and  with  its  thick  foliage 
crowding  out  grasses  in  pastures  and  meadows.  It  is  erect, 
6-18  in.  high,  hairy  with  stiff  hairs,  and  has  thickly- 
clusterMl,  rough,  radical  leaves,  simI  deep^jsUow  or  onmge 
flowers  in  heads  about  J  in.  wide,  forming  terminal  clusters. 
On  land  used  for  crops  it  is  destroyed  by  cultivation  with 
hoe-crops ;  and  in  pasturas  salt,  broadcasted  at  the  rate  of 
1}  tons  per  aere,  will  destroy  the  weed  and  not  injure  the 
grass.  In  England,  SevO's  Paint  Bmh  is  oaUsd"GriBiiB 
the  Ckdlier,"  on  aoeoiuit  of  its  biask  lMd»  ITiiiiMsi 
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m^mkmrnt,  or  Tiitoir  Dfvil,  It  %  Inniale  weed  in  taoB 
sections  of  New  Brunswick.  It  fesembles  Devil's  Paint 
Brush,  but  has  longer  and  narrower  leaves,  and  more 
numerous  and  smaller  pale-yellow  flowers.  It  is  usually 
much  branched,  and  the  lower  branches  raise  their  flowers 
M  M  Aoin  of  th«  vppat  hnatdbm.  Ydkm  Dvffl 
maj  be  a  yellow-flowered  variety  of  Devil's  Paint  Brush. 
Frequent  cultivation,  or  salt,  as  for  Orange  Hawkweed, 
are  suggested  methods  of  eradication.  Songh  Hewkweed, 
which  has  small  heads,  a  stout,  leafy,  rough-hairy  stem, 
and  flower  (rt«n  draaely  etoOttd  with  datk  btkOai,  la  a 
common  weed  in  sandy  or  rocky  ground. 

Canada,  or  Creepiiig  Thistle,  with  its  ^x)Ugh,  numerous 
underground  stems,  prickly-lobed  leaves,  uad  small  heads 
of  lilac-purple  flowers,  is  very  common  and  well  known. 
Itisahatd^poMaiialintrodQoedfrmlkaope.  Perfaiqpa 
this  plant  is,  among  weeds,  our  greatest  pest  (kxe  should 
be  taken  to  prevent  its  seeding  by  mowing  the  plants 
before  the  seeds  ripen.  Careful  and  persistent  spudding, 
afte^harveet  cnltivato  of  itabble-land,  a  diart  lofstkn 
H^th  freqooit  iKieKsqpa  and  a  oopfamt  nw  of  dover  im 
seeding  down,  will  keep  it  under  control 

CommoB,  or  Boll  Thistle,  often  by  mistake  called  Scotch 
Thistle,  is  a  coarse,  widely  branching  introduced  perennial, 
with  large,  deep-purple  fioww  heali  abovt  3  in.  mmm. 
It  li  not  so  common  iMir  raoh  a  vile  weed  aa  Greqnng 
Thistle.  The  real  Sootdi  TMsfls  which  has  a  flat,  round, 
prickly  head  about  1  in.  wkl^  ia  aom^mea  found  fai 
waste  grounds. 

SevMil  BaiMfelallia  an  bad  weeda.  BmnM  fliv* 
(UMle  has  large,  vigorous  rootstocks  full  of  milky  juice, 
erect  stem  3-4  ft  high,  soft,  deeply-cut,  slightly  spiny 
leaves,  and  yellow  heads  of  flowers,  at  the  top  of  nearly 
leafless  stems.  The  plant  ia  trouUeaome  in  aome  aeotiona. 
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It  is  a  heavy  feeder  and  draws  much  food  and  moiilan 
IramtiMMiL  Ifowing  to  pwfwat  seedini,  IwidrpuUmg 
after  anin,  and  thorough  cultivation,  are  recommended. 
The  AnniMl  Sow-tUrtle  has  smaller,  pale-yellow  flowaj 
ar  d  is  not  so  troublesome.  It  is  found  in  cultivated  MOM 
and  about  buildings.  The  planli  dKwM  be  pidlad  llwn 
gndncroiM;  B^i  ■ew^thlstte  is  an  aimual  with 
daspmg  leaves  with  rounded,  prickly  lobes,  qidto  oommott 
in  gHtdsns  and  in  waste  plMiSS. 


